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EDITORIAL  STATEMENT. 


In  presenting  the  Fifth  Volume  of  the  Bulletin  to  the  public,  it 
has  been  our  intention  to  bridge  over,  as  far  as  possible,  the  break 
which  is  the  result  of  the  change  in  the  administration  of  the  Geological 
and  Natural  History  Departments.  We  take  this  opportunity  to  thank 
those  who  have  contributed  to  our  museum  and  otherwise  encouraged 
the  work  of  the  departments.  Obligations  are  expressed  : To  Prof. 
B.  F.  McKibben,  for  a collection  of  Lower  Silurian  fossils;  to  Mr.  E. 
Clark,  for  a collection  of  minerals  and  lithological  material  from  vari- 
ous points  in  the  Rocky  Mountains ; to  Mrs.  Delano,  for  a large  col- 
lection of  shells,  star  fishes  and  numerous  other  zoological  specimens; 
to  C.  J.  Herrick  and  W.  H.  -Cathcart,  for  much  time  and  labor  spent 
in  identifying,  labeling  and  arranging  the  Herbarium ; to  Prof.  C.  L. 
Herrick,  for  a large  collection  of  minerals ; to  numerous  scientific  so- 
cieties and  persons  who  have  contributed  to  our  library ; to  others  who 
have  aided  in  various  ways  the  work  of  the  departments,  but  whose  names 
may  not  appear,  caused  by  change  of  the  administration.  We  pub- 
lish elsewhere  the  list  of  those  persons  and  societies  which  give  equal 
exchange  of  publications,  but  would  ask  the  pardon  also  of  any  who 
may  have  been  omitted  from  this  list  by  mistake.  As  this  issue  is 
supported  entirely  by  voluntary  contribution  we  would  mention  our 
indebtedness  for  the  larger  part  of  the  means  to  Hon.  E.  J.  Barney, 
Hon.  J.  B.  Thresher,  Hon.  E.  M.  Thresher,  Hon.  Albert  Thresher, 
of  Dayton;  Prof.  C.  L.  Herrick,  of  University  of  Cincinnati;  Prof. 
A.  D.  Cole,  Prof.  G.  F.  McKibben,  Prof.  H.  L.  Jones  and  Prof.  W. 
H.  Johnson,  of  the  Denison  Scientific  Association.  We  would  also 
thank  Prof.  C.  L.  Herrick  for  his  aid  in  planning  the  work  and  read- 
ing some  of  the  proof  sheets. 

It  is  hoped  that  this  volume  will  partly  represent  the  original  plan 
of  the  publication  and  that  its  scope  may  be  extended  as  larger  means 
are  provided  for  the  work. 


II. 


BULLETIN  EXCHANGE  LIST. 


The  following  is  the  list  of  the  universities,  academies,  societies, 
individuals,  etc.,  which  make  equal  exchange  with  the  Bulletin  of  the 
Scientific  Laboratories  of  Denison  University,  and  to  which  the  Deni- 
son Scientific  Association  expresses  thanks  for  many  and  valuable  ad- 
ditions to  its  library : 


Academy  of  Science  of  St.  Louis,  L.  Nambac,  Librarian, 

St.  Louis 

Elisha  Mitchell  Scientific  Society, 

Public  Museum, 

Philosophical  Institute  of  Victoria, 

Royal  Society  of  South  Australia, 

University  of  Tokio,  Science  Department, 

Connecticut  Academy  of  Science  and  Art, 

New  Haven,  Conneccticut 
Sociedad  Cientific  Argentina,  Buenos  Ayres,  S.  A. 

Real  Academia  de  ciencias  exactas,  Madrid,  Spain. 

Naturforschende  Gesellschaft  fiir  dem  Gesamten,  Germany. 


Missouri. 
Chapel  Hill,  North  Carolina. 
Milwaukee,  Wisconsin. 
Melbourne,  Australia. 
Adelaide,  Australia. 
Tokio,  Japan. 


Naturwissenchaften, 

Societas  regia  Scientiarum  Upsaliensis, 

Kongl  Velenskaps  Akademie, 

University  of  Lund, 

Naturforscher  Verein, 

Academia  real  das  sciencias, 

Kaiserliche  Academie  der  Wissenschaften, 

Kongl  Boehmiche  Gesellschaft  der  Wissenschaften 
Naturwissenschaftlicher  Verein  fiir  Steirmack, 

Real  Academia  delle  Scienze, 


Bern,  Switzerland. 
Upsala,  Sweden. 
Stockholm,  Sweden. 
Lund,  Sweden. 
Riga,  Russia, 
Lisbon,  Portugal. 
• Vienna,  Austria. 
Prag,  Bohemia. 
Graz,  Austria. 
Naples,  Italy. 


Royal  Society, 


Edinburgh,  Scotland. 
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Natural  History  Society,  Dublin,  Ireland. 

Society  Royal  des  Sciences,  Nancy,  France. 

Musee  Royal  d’historie  Naturelle  de  Belgique,  Brussels,  Belgium. 
Kongl  Danske  Videnskalernes  Selskab,  Copenhagen,  Denmark. 

Konigliche  bayerische  Akademie  der  Wissenschaften, 

Munich,  Bavaria. 

Medicinisch  Naturwissenschaftliche  Gesellschaft,  Jena,  Germany. 

Naturhistorisch  medicinischer  Verein,  Heidelberg,  Germany. 

Naturforschende  Gesellschaft  zu  Halle,  Halle,  Germany. 

Konigl  Gesellschaft  der  Wissenschaften,  Gottingen,  Germany. 

Senckenbergische  Naturforschende  Gesellschaft, 

Frankfort-on-the-main , Germany. 
Gesellshaft  f-Natur-and  Heil-kunde,  Dresden,  Saxony. 

Boston  Public  Library,  Boston,  Massachusetts. 

Secretary  de,  S.  A.  Mgr.  le  Prince  Albert  de  Monaco, 

1 6,  Rue  Saint,  Guillaum,  Paris. 
Cornell  University,  Prof.  H.  S.  Williams,  Ithaca,  New  York. 

Prof.  Alexander  Winchell,  Ann  Arbor,  Michigan. 

Naturwissenschaftlichen  Verein  zu  Bremen,  Bremen,  Germany. 

Manchester  literary  and  Philosophical  Society,  F.  Nicholson, 

36  George  street,  Manchester,  England. 


Library  University  of  Minnesota, 

Dulan  and  Co  , (3  copies), 

Friedlander  and  Son,  (3  copies), 

Prof.  James  Hall, 

Society  of  Natural  History,  ' . 

Royal  Society  of  Canada, 

Stanley  Hall,  Journal  of  Psychology, 
Johns  Hopkins  University, 

Geological  Survey  of  Indiana. 

Geological  Survey  of  Pennsylvania. 
Geological  Survey  of  Ohio. 

Geological  Survey  of  New  Hampshire. 
Prof.  E.  O.  Ulrich, 

Brookville  Academy  of  Natural  History, 
University  of  Rochester, 

Examiner, 

Royal  Society  of  Victoria, 


Minneapolis,  Minnesota. 
London,  England. 
Berlin,  Germany. 
Albany,  New  York. 
Cincinnati,  Ohio 
Montreal,  Canada. 
Baltimore,  Maryland. 
Baltimore,  Maryland.. 


Newport^  Kentucky. 
Brookville,  Indiana. 
Rochester,  New  York. 
38  Park  Row,  New  York. 
Melbourne,  Australia. 
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Royal  Society  of  Canada,  S.  E.  Dawson, 

233  St.  James  street,  Montreal,  Canada. 


Natural  History  Society  of  Montreal. 

Historical  library,  J.  T.  Browne, 

Newberry  Library,  Dr.  W.  F.  Poole, 

Canadian  Institute, 

Societe  Zoologique  de  France, 

Washburn  University,  Prof.  F W.  Cragin, 

Prof.  E.  A.  Smith, 

Essex  Institute, 

Official  Geological  Survey, 

United  States  National  Museum. 

Museum  of  Natural  History,  Central  Park,  New  York,  New  York. 
Museum  of  Comparative  Zoology,  Cambridge,  Massachusetts. 

Syracuse  University,  Prof.  Underwood,  Syracuse,  New  York. 

Canadian  Geological  Survey,  Ottawa,  Ontario. 

Prof.  N.  H.  Winchell,  Minneapolis,  Minnesota. 

American  Philosophical  Society,  Philadelphia,  Pennsylvania. 

Illinois  State  Laboratory  Natural  History,  Champaign,  Illinois. 


Montreal,  Canada. 
Springfield,  Massachusetts. 

Chicago,  Illinois. 
Toronto,  Canada. 

Pans,  France. 
Topeka,  Kansas. 
Tuscaloosa,  Alabama. 
Salem,  Massachusetts. 
Washington,  D C. 
Washington,  D.  C. 


Prof.  S.  A.  Forbes, 

Davenport  Academy  of  Science, 

Prof.  j.  D.  Dana, 

American  Academy  of  Arts, 

Institute  Royal  Geological  de  Swede, 

Norske  Geologiske  Undersaegelse, 

Society  Imperiale  des  Naturalists, 

American  Naturalist,  D.  E Cope, 

2102  Pine  street  Philadelphia,  Pennsylvania. 


Champaign,  Illinois. 
Davenport,  Iowa. 
New  Haven,  Connecticut 
Boston,  Massachusetts. 
Stockholm,  Sweden. 
Christiana,  Norway. 
Moscow,  Russia. 


Prof.  E.  U.  Claypole, 

Natural  Historical  Society, 

Journal  of  Microscopical  Society. 

Peabody  Museum, 

Leopold  Carol  Deutsch  Academie  zu  Halle, 

Linnaean  Society  of  New  South  Wales, 

Societe  Geologique  de  France, 

California  Academy  of  Science,  San  Francisco,  California. 

Geological  Survey  of  the  United  Kingdom, 

Jermyn  street,  London,  England 


Akron,  Ohio. 
Glasgow,  Scotland. 
Bath,  England. 
Salem,  Massachusetts. 
Halle,  Saxony. 
Sidney,  Australia. 
Paris,  France. 


Prof.  Edward  Orton. 


Columbus,  Ohio. 
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Library  School,  Prof.  Dewey, 

Amherst  College,  Science  Department, 
Cambridge  Philosophical  Society, 

Royal  Irish  Academy, 

Ufficio  Geologico, 

Comite  Geologique, 

I nstitute  des  Mines, 

New  York  Academy  of  Science, 

Prof.  J.  M.  Kemp,  Cornell  University, 
Patent  Office  Library, 

R.  Accademia  Delle  Scienze  Di  Torino, 
Societa  Reale  Di  Napoli, 


Albany,  New  York. 
Amherst,  Massachusetts. 
Cambridge,  England. 
Dublin,  Ireland. 
Rome,  Italy. 
St.  Petersburg,  Russia. 
St.  Petersburg,  Russia. 
New  York  City,  New  York. 

Ithaca,  New  York. 
London,  England. 
Torino,  Italy. 
Naples,  Italy. 


National  Academy  of  Science, 


Washington,  District  Columbia. 


Others  who  desire  to  make  exchanges  with  the  Association  for  its 
Bulletin,  will  please  address  the  Permanent  Secretary  of  the  Denison 
Scientific  Association,  Denison  University,  Granville,  Ohio. 


III. 


LABORATORY  NOTES. 

I.  GERMINATION  OF  PHOENIX  DACTYLIFERA. 


(Presented  to  the  Scientific  Association,  October  29th,  1889.) 

At  one  of  the  meetings  of  the  Scientific  Association,  early  in 
April,  some  members  of  the  society  asked  how  the  date  seed  (Phoenix 
Dactylifera),  germinated;  whether  the  shoot  came  from  out  the  little 
groove  in  the  seed,  from  either  end  or  from  the  back,  and  if  it  was 
always  uniform  or  depended  on  the  position  of  the  seed. 

During  the  informal  discussion  which  followed  several,  opinions 
were  offered,  but,  as  no  one  seemed  positive  about  the  matter,  a com- 
mittee was  formed  to  study  into  the  subject  and  report  at  some  future 
meeting.  I was  chairman  of  the  committee,  and  failing  to  find  any 
satisfaction  from  numerous  books  consulted,  determined  to  find  the  de- 
sired information  by  means  of  a series  of  practical  experiments. 

In  a box  of  loose  soil  composed  of  sand,  loam  and  leaf  mold,  I 
planted  six  well  developed,  healthy  date  seeds.  They  were  planted  in 
different  depths  of  earth,  ranging  from  4 inches  to  inches  from  the 
surface  of  the  box,  and  were  each  in  a different  position — one  vertical, 
one  horizontal,  one  inclined  to  the  right  and  one  inclined  to  the  left 
and  one  each  with  the  groove  up  and  down,  as  seen  in  Plate  A, 
I-  • 

The  seeds  were  planted  the  first  week  in  June,  were  kept  in  the 
sun  as  much  as  possible  and  watered  with  hot  water.  The  loth  of 
August  signs  of  life  began  to  show  themselves.  By  the  last  of  the 
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month  six  slender,  shining  parallel  veined  linear  leaves  were  waving 
gracefully  above  the  soil.  I let  them  grow  in  the  hot  sun  until  the 
I St.  of  September,  then  I carefully  removed  the  earth  from  around  them 
and  put  them  in  a glass  jar.  The  method  of  germination  is  illustrated 
in  Plate  A,  Fig.  2. 

In  every  case  the  radicle  had  come  from  the  smooth  side,  even 
when  it  had  to  make  quite  a curve  in  order  to  turn  its  point  into  deep 
soil  and  the  plumule  springing  from  the  convexity  of  the  radicle 
starts  upward.  Thus  proving  that  the  germination  is  invariably  the 
same,  always  rising  from  the  center  of  the  back  of  the  seed  and  send- 
ing forth  at  the  same  time  two  growths,  one  downward,  terminating  in 
roots  and  rootlets,  and  the  other  upward,  forming  the  leaf  and  eventu- 
ally the  tree  proper.  Mrs.  J.  E.  Dixson. 


[Editor’s  Note. — We  take  the  liberty  to  insert,  Plate  A,  Fig,  3,  a pen 
sketch  after  Sachs’  diagram,  of  the  cross  section  of  the  date  seed  I,  and  germ- 
ination of  the  same,  II  and  III,  showing  internal  arrangement  of  plumule,  &c.] 
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2.  WINTER  FLOWERS. 

H.  L.  Tones. 

(Presented  before  the  Scientitic  Association  January  nth,  1890.) 


The  winter  of  1889-90  will  long  be  remembered  for  its  extreme 
mildness.  The  effect  on  flowers  was  remarkable.  Spring,  summer 
and  fall  flowers  were  found  growing  side  by  side  with  one  another. 
The  following  is  a partial  list  of  those  blossoming  in  this  vicinity  in 
the  winter  months,  with  the  date  of  each  : 


November  6. 

“ 17- 

December  i. 


January 


( i 

4 4 

4 4 

4 4 


23- 

27. 

6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
II. 
1 1. 
II. 


i c 


February 


25- 

25- 

25- 

25- 

IS- 

IS- 

22. 


Fyrus  malus. 

Houstonia  caerulea,  L. 

Sisymbrium  officinale.  Scop. 

Achillea  millefolium,  L. 

Taraxacum  officinale,  Weber. 

Claytonia  Virginica,  L. 

Viola  tricolor,  L. 

Hamamelis  Virginica,  L.  All  winter. 
Stellaria  media,  Smith.  “ 

Cerastium  viscosum,  L.  ‘‘ 

Capsella  bursa- Pastoris,  Moench. 
Lepidium  Virgimcum,  L. 

Dr  aba  verna,  L 
Malva  rotundifolia,  L. 

Viola  odor  at  a,  L. 

Acer,  (species  ?)  cultivated. 

Ulmus  Americana,  L. 

Salix  discolor,  Muhl. 

Salix  (species  ?). 

Houstonia  caerulea,  L. 

Symplocarpus  foetidus,  Salisb. 
Erigenia  bulbosa,  Nutt. 

Claytonia  Virginica,  L. 

Vinca  minor. 


The  Italics  mark  plants  which  have  been  introduced  or  are  found 
only  in  cultivation.  It  is  to  be  noticed  the  large  per  cent,  they  form 
of  the  number,  being  more  than  half.  On  January  3d,  1889,  Phlox 
subulata,  L.  was  found  in  blossom,  but  careful  search  this  year  failed 
to  reveal  any  specimens  until  spring. 


3.  A CONVENIENT  INJECTING  APPARATUS. 

By  W.  G.  Tight. 

(I’resented  to  the  Scientific  Association,  October  5th,  1889  ) 

There  is  a demand  in  every  biological  laboratory  for  some  sort  of 
an  injecting  apparatus.  The  syringe  is  good  in  its  place,  but  when 
an  experiment  is  to  be  performed  in  which  it  is  necessary  to  know  the 
exact  amount  of  pressure,  to,  have  the  pressure  uniform  and  constant 
we  must  look  to  other  means.  To  be  sure,  there  are  instruments  con- 
structed which  meet  this  demand,  but  they  are  generally  expensive 
and  hard  to  obtain. 

The  mercury  column  has  been  utilized  in  various  ways,  but  the 
volume  required  makes  tnat  also  very  expensive. 

The  bucket  of  water  hung  on  a hook  on  the  wall,  with  a tube 
leading  to  a pressure  bottle  below,  is  also  good  in  its  way  and  easily 
arranged  and  inexpensive,  but  no  means  is  provided  to  regulate  the 
pressure  and  as  the  bucket  becomes  empty  the  pressure  gradually  falls. 

In  the  instrument  about  to  be  described  the  following  benefits  are 
to  be  derived : Tiie  expense  is  within  a few  dollars  at  the  greatest ; the 
pressure  can  be  accurately  regulated  from  zero  to  four  pounds  (or  more, 
if  a higher  standard  is  used);  the  pressure  is  constant  as  long  as  there 
is  any  liquid  in  the  upper  flask  ; the  pressure  can  be  easily  increased  as 
injection  advances;  and  requires  no  attention  after  it  is  once  started, 
so  that  a dififlcult  injection  can  be  conducted  by  one  person,  as  he  can 
devote  all  his  attention  to  his  canuia  and  the  operation.  , It  may  stand 
on  its  own  merits. 

The  following  is  the  description  of  the  instrument  used  in  our 
laboratory,  a drawing  of  which  is  presented, by  A of  Plate  A,  Fig.  4. 

The  base  board  is  2x15  feet;  the  standard  2 in.x2in.  8ft.,  gradu- 
ated to  feet  and  half  feet.  Upon  the  standard  is  attached  a small 
bracket  by  means  of  a friction  clamp. 
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The  shelf  is  braced  to  a small  piece  of  wood  one  inch  thick  and 
two  inches  wide ; to  the  lower  end  is  attached  a small  metal  band 
which  clasps  the  standard;  while  the  upper  end  is  secured  by  a stiff 
wire  bent  as  shown  at  E,  {a,  front  view,  b,  side  view),  with  the  points 
of  the  wire  inserted  in  the  sides  of  the  slide  piece  near  its  upper  end 
and  the  wire  passing  around  the  standard. 

Upon  this  bracket  rests  a gallon  flask  ; a glass  tube  passes  through 
the  stopper  (which  is  of  rubber)  to  the  bottom  of ’the  flask.  On  the 
lower  end  of  the  tube  is  arranged  a small  valve  (B)  which  is  made  by 
placing  a short  section  of  rubber  tube  which  just  fits  the  glass  tube 
over  the  end  of  the  tube  and  a little  longer  section  of  a little  larger 
rubber  tube  over  the  first  rubber  section,  a small  glass  cone  is  then 
made  by  drawing  down  a glass  rod  or  tube.  This  small  cone  fits  in 
the  end  of  the  glass  tube  and  is  kept  from  falling  out  by  a small  pin 
passed  through  the  diameter  of  the  rubber  tube  below  it.  This  allows 
the  free  passage  of  the  air  into  the  flask,  but  stops  the  water  from  pass- 
ing up  the  tube  in  case  there  should  be  any  back  pressure.  The  end 
of  the  tube  should  be  ground  and  smooth  and  greased  a little  so  as  to 
make  a water  tight  valve.  At  the  lower  edge  of  the  flask  a small  hole 
is  made  with  a round  file  and  in  this  is  inserted  a rubber  tube-  about 
eight  feet  long,  which  opens  into  the  pressure  bottle. 

Another  flask  of  the  same  capacity  as  the  first  is  used  as  a press- 
ure bottle. 

The  rubber  stopper  is  perforated  by  three  tubes  which  pass  just 
through  the  stopper.  The  tube  to  which  the  long  rubber  tube  is  at- 
tached must  not  have  an  orifice  more  than  a quarter  of  an  inch  in  di- 
ameter, else  air  bubbles  will  pass  back  up  the  tube  when  the  pressure 
reaches  its  maximum. 

Another  tube  is  bent,  as  shown  in  the  diagram,  so  as  to  come 
along  the  side  of  the  flask.  This  tube  is  filled  half  full  of  mercury 
and  is  graduated  up  and  down  from  the  zero  point  in  half  inch  divis- 
ions ; then  a half  inch  reading  on  either  scale  records  an  inch  mercury 
column,  equal  to  one  half  pound  of  air  pressure  in  the  pressure  bot- 
tle. At  the  open  end  the  diameter  of  the  tube  is  diminished  and 
it  is  curved  a little  to  exclude  dust. 

The  third  tube  bears  a rubber  tube,  to  which  is  attached  a glass 
cross  or  metal  piece,  giving  three  outlets.  To  these  are  attached  rub- 
ber tubes  leading  to  the  injection  bottles.  Three  injection  bottles  are 
used,  one  for  normal  salt  solution,  one  for  red  and  one  for  blue  gela- 
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tine, (or  other  coloring  injections).  All  the  rubber  tubes  are  provided 
with  thumb  pinchers.  The  advantage  of  the  three  pressure  tubes  is 
obvious,  as  the  normal  solution  may  be  used  and  then  by  closing  the 
pincher  leading  to  the  pressure  flask  the  pressure  is  all  ready  for  the 
colored  injections  and,  in  case  both  colors  are  to  be  used  at  once,  both 
injecting  fluids  will  be  under  the  same  pressure. 

Our  injection  bottles  C,  are  made  of  clamp  top  cans,  by  drilling 
two  holes  through  the  top  to  one  side  of  the  clamp,  a little  larger  than 
the  glass  tube  to  be  used,  thus  allowing  a rubber  collar  to  be  used 
around  the  glass  tube  and  furnishing  a movable  and  air  tight  union. 
The  long  tube  which  reaches  to  the  bottom  of  the  bottle  is  the  one  to 
which  the  canula  tube  is  attached.  If  all  unions  are  tight  the  flow  of 
the  liquid  from  the  upper  to  the  lower  flask  should  force  an  equal  bulk 
of  injecting  fluid  from  the  injection  bottles,  less  the  amount  of  fluid  re- 
vuired  to  produce  the  first  pressure,  with  a single  charging  of  the  ap- 
paratus. 

A saturated  salt  solution  is  found  to  work  admirably  as  a pressure 
liquid.  The  pressure  is  regulated  by  shifting  the  friction  bracket  and 
the  pressure  is  read  from  the  mercury  scale. 


4.  A SIMPLE  SPIROMETER. 


W.  G.  Tight. 

(Experimented  with  before  the  Scientific  Association,  March  8th,  1890.) 

The  apparatus  here  described  and  figured  on  Plate  A,  Fig.  5,  is 
one  which  was  constructed  for  and  used  by  the  class  in  Practical 
Physiology.  The  apparatus  was  constructed  for  the  determination 
of  the  vital  capacity,  supplemental,  tidal  and  complemental  air,  also 
for  experiments  on  the  increase  of  vital  capacity  by  regular  exercise 
of  the  respiratory  mechanism.  The  results  were  so  satisfactory  that 
it  was  thought  that  others  might  wish  to  use  the  same  plan,  as  the 
construction  is  very  simple. 

A board  about  10  in.x  16  in  x i in.  forms  the  base ; at  the  center 
of  one  end  is  braced  an  upright  piece  i in.x  in.x  28  in.;  to  this 
at  the  top  is  also  bracketed  an  arm  i in.x  in.  x 12  in.;  a large 
stone  jar  is  used  to  hold  the  water  and  rests  on  the  base  board  ; a large 
glass  jar  (in  our  instrument  a zoology  preserving  jar),  having  a capaci- 
ty of  something  over  4,000  c.  cm.,  is  graduated  from  the  bottom  up 
into  50  c.  cm  divisions  by  adding  water  and  marking  the  different 
levels ; after  this  is  graduated,  a small  hole  in  made  with  a round  file 
in  the  bottom  of  the  jar  and  a rubber  tube  with  a glass  mouth  piece 
attached;  the  jar  is  then  suspended  bottom  side  up  over  the  water  jar, 
(by  three  wires  which  pass  around  it),  by  a wire  which  passes  through 
a small  pulley  at  the  end  of  the  arm  and  then  through  another  nearer 
the  standard  and  having  a weight  attached  to  the  end  of  the  wire  just 
equal  to  the  weight  of  the  jar ; the  rubber  tube  is  provided  with  a 
strong  thumT  clamp. 

To  work  the  instrument,  open  the  thumb  clamp,  press  the  air  re- 
ceiver down  into  the  water  jar  as  far  as  possible  ; then  by  suction  draw 
the  water  up  into  the  air  receiver  until  it  is  full  of  water.  The  re- 
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ceiver  now  rests  on  the  bottom  of  the  water  jar  and  enough  water  re- 
mains in  the  water  jar  to  protect  the  open  end  of  the  receiver  and  ex- 
clude the  air. 

To  get  the  vital  capacity,  fill  the  lungs  with  the  largest  possible 
inspiration,  place  the  tube  to  the  mouth,  open  the  clamp  and  empty 
the  contents  of  the  lungs  into  the  receiver,  at  the  end  of  the  greatest 
possible  expiration,  close  the  clamp,  read  off  the  volume  of  air  in  the 
receiver,  from  the  scale. 

When  the  first  air  is  sent  into  the  receiver  from  highly  inflated 
lungs  it  is  under  some  pressure  which  is  about  balanced  by  the  weight 
of  the  water  in  the  receiver,  but  when  the  water  in  the  two  vessels  is 
at  the  same  level,  if  more  air  is  sent  into  the  receiver  it  finds  little  or 
no  resistence,  as  the  weight  then  begins  to  act  to  support  the  weight 
of  the  receiver. 

To  determine  the  three  factors  of  the  vital  capacity  of  the  lungs, 
the  experimenter  should  be  seated  and  should  time  his  regular  respira- 
tory movements  and  should  use  the  receiver  about  half  full  of  water 
in  order  to  obviate  suction  or  resistance  as  much  as  possible. 

It  was  found  by  the  use  of  this  instrument  that  the  vital  ca- 
pacity of  the  class  was  a little  above  the  average  and  that  by  blowing 
the  vital  capacity  regularly  twice  every  day  those  students  whose  vital 
capacity  was  far  below  the  average  at  the  start,  could  be  brought  up 
to  above  the  average  in  the  course  of  two  or  three  weeks.  It  is  rec- 
ommended as  a simple,  cheap,  and  convenient  lung  strengthener. 


5.  NOTES  FROM  THE  PHYSICAL  LABORATORY. 

I.  An  Instrument  for  Rapidly  Changing  the  Cell  Ar- 
rangement OF  Large  Batteries. 

(Presented  to  the  Denison  Scientific  Association,  April  5th,  1890.) 

One  of  the  greatest  difficulties  m the  way  of  the  teacher  of 
Physics  who  believes  in  the  thorough  application  of  inductive 
methods,  is  the  great  amount  of  time  necessary  for  the  systematic 
development  of  his  subject.  This  difficulty  meets  both  the  lecturer 
and  the  laboratory  director.  It  happens  constantly,  for  instance,  in  a 
lecture  course  on  electricity — and  not  infrequently  in  courses  on  other 
branches  of  physical  science — that  some  question  is  asked  that  can  be 
satisfactorily  answered  by  even  a moment’s  use  of  an  electrical  current 
of  a definite  strength  and  potential.  But  the  demonstrator,  not  having 
just  the  right  kind  of  current  immediately  available  and  being  pressed 
for  time,  is  met  by  this  alternative  : he  may  takp  five  or  ten  minutes 
of  time  that  he  really  needs  for  the  demonstration  of  a more  important 
point,  to  set  up  a battery,  perhaps  at  the  risk  of  wearing  out  the  patience  of 
his  class,  or,  unwilling  to  make  such  a sacrifice,  he  may  content  himself 
with  the  unsatisfactory  answer,  that  if  he  had  time  to  do  so  and  so, 
such  and  such  a result  would  be  obtained  In  either  case  he  is  likely 
to  lose  the  attention  of  his  class  and  fail  to  produce  conviction  in  their 
minds.  The  laboratory  director  feels  even  more  keenly  than  the  de- 
monstrator the  need  of  having  all  the  laboratory  facilities  completely 
and  immediately  under  his  control.  Many  an  earnest  laboratory  stu- 
dent loses  interest  in  his  work  because  he  is  compelled  to  waste  so 
much  time  in  simply  getting  ready  for  each  experiment  or  determina- 
tion that  he  makes.  There  is  great  need  of  more  and  better  regulat- 
ing devices  in  physical  lecture  room  and  laboratories.  The  instru- 
ment shown  in  plan  and  elevation  at  the  end  of  this  article,  Plate  B, 
Figs.  I and  2,  is  designed  to  supply  one  need,  namely,  an  electrical 
current  easily  adapted  to  a wide  variety  of  uses.  It  gives  at  a mo- 
ment’s notice  a current  of  any  ampere  strength  and  voltage  within  a 
considerable  range,  by  changing  the  arrangement  of  cells  in  a large 
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battery  to  any  one  of  a great  number  of  combinations,"  The  irlstru- 
ment  illustrated  is  adapted  to  control  a battery  of  twelve,  twenty-four, 
or  some  multiple  of  twelve  cells.  'Vw 

It  consists  of  a base  of  thoroughly  seasoned  wood  or  ebonite, 
upon  which  is  fixed  a double  row  of  flat,  rectangular  pieces  of  brass, 
I,  2,  3,  etc.,  each  two  or  three  centimetres  long,  one  centimetre  wide 
and  one  half  centimetre  thick.  Each  is  fixed  to  the  base  by  two 
round-headed  machine  screws,  d and  e,  which  fit  into  holes  bored 
nearly  through  the  brass  from  the  under  side  and  tapped  out  to  fit  the 
screws.  The  plates  are  so  placed  that  the  spaces  between  the  rows  are 
of  the  same  width  as  the  spaces  between  single  plates.  All  are  of 
equal  size  except  two,  12  and  13,  at  opposite  ends  of  the  upper  and 
lower  rows ; these  are  twice  as  long  as  the  others.  The  plates  may  be 
connected  like  the  coils  of  a^TCsistance  box,  by  flat  plugs  of  brass 
shown  in  end  and  side  elevation  at  and  c.  Fig.  2.  Binding  screws 
are  soldered  on  at  that  end  of  each  row  which  terminates  in  a short 
piece  of  brass.  From  these  wires  lead  current  to  any  desired  point. 
Each  plate  in  the  upper  row  is  connected  to  the  positive  terminal  of  a 
battery  of  one  or  more  cells  and  each  corresponding  plate  in  the  lower 
row  with  the  negative  terminal  of  the  same  battery.  Thus,  plates  i 
and  13  form  the  terminals  of  one  battery,  and  2 and  14  of  another. 
The  battery  wires  are  firmly  held  by  one  of  the  two  screws  of  each 
plate,  as  shown  at  /.  It  is  well  to  glue  strips  of  wood,  g under  the 
ends  of  the  base  so  that  the  screw  heads  will  not  have  to  be  counter- 
sunk. To  show  how  connections  are  made,  suppose  the  simple  case 
where  each  brass  plate  is  the  terminal  of  a single  battery  cell.  In  Fig. 
3 we  see  at  a.,  how  the  plugs  must  be  inserted  to  give,  an  arrangement 
of  twelve  cells  in  series,  at  b the  arrangement  of  twelve  cells  parallel, 
at  c,  the  combination  of  six  cells  in  series  and  two  parallel,  and  at  d, 
of  three  cells  in  series  and  two  parallel.  If  the  cells  are  of  the  Leclanche 
type,  each  with  an  electromotive  force  of  1.4  volts  and  internal  resist- 
ance .7  ohm,  we  would  have  in  the  several  combinations 

abed 


Electromotive  force. 

— 16.8 

1.4 

8.4 

Internal  resistance. 

- 8.4 

, 06 

2. 1 

Current  with  no  external  resistance. 

— 2.0 

23-3 

4- 

“ 1 ohm  “ 

— 1.8 

1-3 

2.71 

' “ 5 ohms  ‘^ 

— 1-3 

.27 

1.04 

This  table  shows  the  range  of  ] 

power  possible 

by  a 

4.2  volts. 

.53  ohms. 

8.  amperes. 
2.74 
.96 

moment’s  ad- 
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justment  of  the  instrument.  If  the  resistances  of  the  various  pieces  of 
electrical  apparatus  in  the  laboratory  are  measured,  a moment’s  calcula- 
tion will  show  just  what  arrangement  will  give  the  greatest  amount  of 
current,  or  any  amount  desired,  with  a certainty  and  precision  that  is  very 
satisfactory.  This  increased  precision  is  possible  with  so  little  trouble 
by  the  use  of  this  cell-connecter  that  it  is  well  worth  one’s  while  to 
gain  it. 

Larger  batteries  can  be  managed  either  with  a similar  instrument 
having  a greater  number  of  plates  and  connecting  plugs,  or  by  attach- 
ing to  each  pair  of  plates  in  the  form  described,  a battery  of  cells,  ar- 
ranged in  series  or  parallel,  according  as  high  potentials  or  heaVy  cur- 
rents are  most  required. 

Another  form  of  the  instrument  has  been  tried.  It  is  more  easily 
made,  but  is  less  convenient  in  use.  It  consists  simply  of  two  rows 
of  binding  posts  on  a base.  These  are  connected  by  short  wires  in 
various  ways,  for  various  combinations  Two  rows  of  metal  contact 
points,  each  carrying  a sliding  switch  which  could  be  placed  upon  the 
next  point  of  either  the  same  or  the  other  row,  would  also  be  a conve- 
nient form.  By  this  method,  however,  there  would  be  difficulty  in 
securing  good  contact  between  points  and  switches. 

This  instrument  is  especially  useful  for  a complete  experimental 
proof  of  Ohm’s  law.  A student  with  one  of  them,  an  ammeter  and 
voltmeter,  or  in  place  of  the  last  two,  a tangent  galvanometer  having 
both  low  and  high  resistance  coils,  can  verify  the  law  for  a large  num- 
ber of  representative  combinations  in  a wonderfully  short  time. 

It  has  been  found  a great  convenience  in  this  laboratory  to  have 
one  of  them  upon  the  demonstrator’s  desk,  with  a dozen  open-circuit 
cells  attached.  These  require  no  attention  for  six  months  at  a time, 
are  always  ready  for  use  and  do  not  polarize  seriously  in  the  short  time 
necessary  for  an  ordinary  lecture  experiment.  The  ^‘old  reliable”  of 
the  laboratory,  a ten-cell  plunge  battery,  has  been  thrown  out  of  em- 
ployment since  the  advent  of  the  cell-connecter.  It  is  surprising  how 
much  can  be  done  by  the  open  circuit  cells,  with  the  aid  of  their  pow- 
erful auxiliary. 

It  is  hoped  that  it  may  prove  as  great  a convenience  in  other  lab- 
oratories as  it  has  in  this.  Evidently  it  can  be  used  with  secondary 
batteries  as  well  as  primary.  In  this  way  it  gives  perfect  control  of 
very  heavy  currents. 
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2.  A Simple  Chronograph. 

The  apparatus  illustrated  onPlate  B,  Fig.  4,  can  be  made  in  any 
laboratory,  and  is  for  many  purposes  a good  substitute  for  an  expen- 
sive chronograph  governed  by  clock  work.  It  consists  of  an  electrical 
pendulum  <2,  suspended  on  a steel  knife  edgey  which  makes  and  breaks 
circuit  by  carrying  a platinum  wire  through  a drop  of  mercury  at  A 
The  same  circuit  contains  an  ordinary  telegraph  sounder  with  a long 
bent  wire  attached,  so  that  every  depression  of  the  armature  makes  a 
dot  on  a long  strip  of  smoked  glass,  which  can  be  drawn  slowly  along 
the  table  in  front  of  it.  A large  turning  fork,  carrying  a short  piece 
of  very  fine  wire  as  a stylus,  makes  a tracing,  simultaneously,  about 
one  half  a centimetre  to  one  side.  This  fork  is  conveniently  support- 
ed by  being  inserted  into  one  end  of  a piece  of  wood  e,  which  is 
hinged  at y,  to  the  table.  The  amount  of  pressure  of  the  stylus  is  reg- 
ulated by  a wooden  screw  passing  through  c,  and  pressing  against  the 
table.  If  the  pendulum  is  adjusted  to  beat  seconds  and  vibrated 
through  a rather  large  arc  so  that  the  sounder  works  with  a sharp,  short 
click,  the  period  of  the  fork  may  be  very  accurately  determined.  The 
close  agreement  of  a number  of  independent  determinations  indicates 
the  accuracy  of  which  the  method  is  capable.  This  is  shown  in  the 
following  series  of  four  successive  experiments : — 


Experiment. 

Times. 

Vibrations. 

Vibrations  per  Sec, 

I 

8 sec. 

440.7 

55-09 

2 

6 “ 

330-2 

55-°3 

3 

6 “ 

330.6 

55-10 

4 

5 ‘‘ 

275-1 

55-02 

Average  number  of  vibrations  per  second,  55- 06 

If  it  is  desired  to  measure  any  other  short  interval,  having  thus 
accurately  determined  the  period  of  the  fork,  it  is  only  nece^ssary  to 
stop  the  pendulum,  so  as  to  complete  the  circuit  permanently,  and 
then  introduce  a telegraph  key  into  the  line.  Now  the  sounder  will 
register  accurately  each  time  the  key  is  depressed,  and  the  time  be- 
tween any  two  depressions  may  be  determined  by  counting  the  num- 
ber of  fork  vibrations  included  between  the  dots  corresponding  to 
those  depressions.  If  for  any  reason  it  is  desired  to  have  the  seconds 
marked  also,  the  key  for  the  occasional  signals  must  be  included  in  a 
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shunt  on  the  main  circuit,  connecting  the  wire  at  b,  with  the  wire  lead- 
ing to  the  top  of  the  pendulum.  The  sounder  will  then  register  both 
the  vibrations  of  the  pendulum  and  the  signals  of  the  key. 

3.  Scale  Divider. 

It  is  often  convenient  in  the  work  of  a physical  laboratory  to  have 
the  means  of  quickly  dividing  a given  distance  into  a specified  num- 
ber of  parts.  For  instance,  paper  scales  divided  into  tenths  and  hun- 
dredths, having  a total  length  which  bears  no  simple  ratio  to  any  ordi- 
nary unit  of  length,  are  occasionally  required.  The  device  shown  in 
Fig.  6,  Plate  B,  will  be  found  useful  for  this  purpose.  It  consists  of 
a large  piece  of  heavy  card  board,  upon  wdiich  is  drawm  an  equilat- 
eral triangle,  with  a series  of  lines  connecting  the  apex  <2,  to  points  in 
the  base  b c,  that  accurately  divide  it  into  one  hundred  equal  parts. 
The  sides  of  the  triangle  should  be  about  one  metre  long,  and  it  is  best 
to  make  the  base  of  exactly  that  length.  It  is  not  necessary  that  the 
other  sides  should  be  exactly  equal  to  each  other  or  to  the  base.  It  is 
w^ell  to  have  lines,  (not  shown  in  the  figure,)  drawn  parallel  to  the  base 
at,  intervals  of  two  centimetres,  through  rather  more  than  half  the 
height  of  the  figure,  or  else  a parallel  ruler  so  fixed  that  it  will  always 
be  parallel  to  the  base.  The  edge  to  be  divided,  which  must  not  ex- 
ceed a metre  in  length,  is  pushed  up  from  the  bottom  of  the  figure, 
always  parallel  to  the  base,  until  it  exactly  includes  the  number  of 
divisions  to  be  made  between  its  ends.  The  points  at  which  the  lines 
meet  the  edge  may  then  be  marked  with  a pencil  or  pen,  and  the  grad- 
uation is  made.  If  the  lines  are  drawn  with  care,  divisions  as  small 
as  one  millimetre  may  be  made  with  considerable  accuracy.  It  is 
most  convenient  to  have  the  cardboard  mounted  upon  a wooden  frame 
and  hung  upon  the  wall.  A swinging  arm,  pivoted  at  <2,  with  one 
edge  straight  and  coinciding  successively  with  the  dividing  lines  as  it 
is  moved  across  the  figure,  may  be  used  as  a ruler  to  mark  the  divis- 
ions more  rapidly.  A fine  needle  firmly  inserted  at  <2,  and  a ruler 
constantly  pressed  against  it  at  one  end,  may  be  substituted  for  this 
swinging  arm. 

4.  An  Electrical  Couple  for  Projection. 

The  device  shown  in  Plate  B,  Fig.  5,  may  be  used  as  a lantern  or 
porte-lumiere  attachment,  to  illustrate  several  important  phenomena  of 
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the  voltaic  cell.  It  consists  of  a small  slip  of  sheet  zinc,  one  centi- 
metre wide  and  six  long,  a similar  slip  of  sheet  copper  a little  longer, 
held  by  two  saw  cuts  across  the  edge  of  a piece  of  thin  board  two 

c.m.  wide,  ten  long  and  one  thick,  as  shown  in  the  figure.  Two  sim- 
ilar couples  should  be  prepared,  one  with  zinc  amalgamated,  the  other 
without.  The  upper  extremities  of  the  slips  should  be  filed  flat  and 
kept  bright,  so  that  good  electrical  contact  can  be  secured  between 
them,  by  simply  laying  a little  slip  of  sheet  copper  d,  across  the  tops. 
In  use  the  metals  are  immersed  in  a flat  cell  containing  dilute  sulphur- 
ic acid  and  projected  with  a lantern  or  porte-lumiere.  The  following 
are  among  the  points  that  the  couple  is  designed  to  illustrate  : 

a.  The  fact  that  although  the  hydrogen  is  given  off  at  the  copper 
plate,  the  action  is  really  at  the  surface  of  the  zinc.  This  is  shown 
very  prettily  by  the  currents  of  zinc  sulphate  solution  falling  from  the 
zinc.  These  currents  are  clearly  seen  by  virtue  of  their  high  refractive 
power. 

b.  The  effect  of  amalgamation.  This  is  very  satisfactorily  de- 
monstrated by  comparing  the  appearance  of  a couple  having  its  zinc 
amalgamated  with  that  of  a couple  having  its  zinc  unamalgamated. 
A good  idea  of  the  relative  amounts  of  local  and  useful  action  may  be 
gained  by  comparing  the  rates  of  evolution  of  hydrogen  at  the  zinc 
and  copper  plates  respectively. 

c.  Diminished  battery  action  with  increase  of  external  resistance. 
This  is  shown  by  replacing  the  connecting  slip  by  a little  piece  of 
gas  carbon  or  thin  platinum  wire. 

d.  The  effect  of  a depolarizing  substance  is  shown  by  using  fresh 
bichromate  battery  solution  in  place  of  the  dilute  acid.  The  non-ap- 
pearance of  hydrogen  and  the  change  in  color  of  the  liquid  from 
orange  to  green,  are  the  points  to  be  noted.  If  the  glass  cell  is  divided 
into  two  parts  by  a thin  partition  of  plaster  of  paris,  so  that  the- zinc 
may  be  on  one  side  and  the  copper  on  the  other,  the  complete  action  of 
any* two-fluid  cell,  as  the  Daniel,  may  be  shown. 

e.  Fig.  7 shows  a couple  in  which  the  copper  plate  is  fused  into 
a small  test  tube  so  that  currents  may  be  compared  quantitatively  by 
the  amounts  of  hydrogen  which  they  liberate  at  the  negative  plate. 

A.  D.  Cole., 


A SPECIMEN  OF  HESPEROPHONA  VESPERTINA,  Bonap. 

W.  G.  Tight. 

On  the  loth  of  December  a specimen  of  this  rare  bird  was 
killed  in  front  of  Academy  Hall,  by  Mr  George  Osbun  . The  bird 
was  a male  and  was  apparently  alone  and  was  feeding  on  maple  seeds, 
which  were  very  abundant  under  the  trees  in  front  of  the  building. 
While  it  was  busily  engaged  at  its  noon  meal  it  kept  up  a constant 
chirp  like  that  of  the  Cardinalis  virginianus  and  only  sounded  its 
charactesistic  yeeip''  when  it  was  di.sturbed  and  was  in  the  trees. 

As  the  bird  is  such  a rarity  for  Ohio,  having  been  identified  but 
once  before,  as  far  as  I can  learn,  (Ohio  Geological  Report,  Vol.  IV, 
p 313,)  in  the  State  and  that  in  March,  i860,  I have  concluded  to 
give  a detailed  description  of  the  superficial  characters  of  the  speci- 
men in  hand. 

It  does  not  differ  much  from  the  descriptions  of  Baird,  Jordan, 
Cones,  Wheaton,  and  Herrick,  (Bulletin,  Vol  I.),  which  I have  before 
me,  except  in  the  amount  and  distribution  of  white  on  the  wings,  the 
length  of  the  three  outer  primaries  being  equal  and  a few  other  minor 
points  which  will  be  observed  by  comparison.  For  the  complete  oste- 
ology of  the  species,  reference  is  made  to  the  article  of  Prof.  C.  L. 
Herrick,  University  of  Cincinnati,  in  Vol.  I.  of  the  Bulletin  of  Denison 
University. 

Hesperophona  vespertina.  Bonap.  Bird,  Male.  Feet  short ; tarsus  less  than 
middle  toe;  tel.  .93;  tra.  .56;  lateral  toes  equal;  3t.  and  qt.  7 ; claws  com- 
pressed 12;  bill  very  large,  greenish-yellow  (not  dusky  at  base),  .75  long  and  75 
deep  ; gape  .Si  ; tip  of  upper  mandible  extending  beyond  and  over  the  lower  ; 
body  length  8.10;  wing  4.25;  tail  2.50;  depth  of  tail  notch  .25;  primaries 
much  longer  than  secondaries,  the  outer  three  equal  and  extending  to  beyond 
the  middle  of  the  tail  ; secondaries  6 in  number  and  equal ; tertiaries  3 in  num- 
ber and  unequal ; wing  coverts  covering  half  the  extent  of  the  wings  ; tail  cov- 
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erts  covering  three-fourths  of  the  length  of  the  tail  ; nostrils  covered  by  tufts  of 
setaceous  feathers  and  there  is  a tuft  also  at  each  side  of  the  base  of  the  culmen 
just  in  front  of  the  eyes,  with  the  setse  directed  downwards  and  forwards.  Col- 
oration : The  setae  and  feathers  at  the  base  of  the  bill ; crown  ; primaries ; pri- 
mary upper  coverts ; proximal  half  of  the  quills  of  the  secondaries  and  tertiar- 
ies  ; proximal  half  of  the  quills  of  the  inner  half  of  the  greater  upper  coverts ; 
outer  half  of  greater  upper  coverts;  median  and  lesser  upper  coverts;  twelve 
rectrices;  upper  tail  coverts;  and  tibia  black.  From  the  black  of  the  head 
the  color  shades  rapidly  into  a deep  brown  and  this  to  olive  brown.  The 
shading  becomes  more  olive  and  finally  a bright  yellow  on  the  rump  and  the  un- 
der tail  coverts.  A bfoad  band  across  the  forehead  and  over  the  eyes  ; all  the 
under  wing  coverts  bright  yellow.  The  distal  half  of  the  quills  of  the  seconda- 
ries and  tertiaries  ; distal  half  of  the  quills  of  the  inner  half  of  the  greater  upper 
coverts,  white;  with  the  outer  margins  of  all  the  white  portions  of  these  feathers 
lined  with  a fine  bright  yellow  margin. 

It  is  interesting  to  notice  how  the  white  is  distributed  on  the  wings 
so  as  to  make  the  greatest  show  with  the  least  amount  of  white.  The 
distal  ends  of  the  quills  of  the  secondaries  and  tertiaries  being  white 
just  to  where  the  upper  coverts  begin  and  the  distal  ends  of  the  greater 
coverts,  being  white  just  to  where  the  median  coverts  begin,  while  the 
proximal  ends  of  the  white  feathers  which  are  covered  are  black. 
This  combination  of  black,  brown,  olive,  yellow  and  white  makes  a 
very  beautiful  effect.  In  the  description,  terms  and  abbreviations  are 
after  Coues,  and  measurements  are  in  inches. 

In  connection  with  the  appearance  of  this  northern  visitor  it  is 
worthy  of  notice  that  the  winter  has  been  unusually  warm,  vegetation 
just' on  the  point  of  germination. 
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COMMUNICATIONS, 

I.  THE  WAVERLY  GROUP. 

W.  F.  Cooper. 

In  continuing  the  list  of  articles  on  the  Waverly  of  Ohio,  under 
the  direction  of  Prof.  Herrick,  the  writer  has  endeavored  to  make  the 
work  as  complete  as  possible,  and  it  is  hoped  that  the  following  pages 
may  throw  some  light  on  the  relation  of  the  different  horizons  of  the 
Waverly  as  exposed  in  Central  and  Northern  Ohio.  The  identification 
of  horizons  has  been  made  on  organic  evidence  alone,  except  when 
conglomerates  I and  II  were  exposed,  when  it  would  be  impossible  to 
misconstrue  the  relations.  As  has  been  stated,  the  object  of  the  sur- 
vey was  to  ascertain  the  relation  of  the  different  subdivisions  of  the 
Waverly  in  Central  and  Northern  Ohio.  With  that  end  in  view,  sec- 
tions were  made  in  most  of  the  counties  in  this  formation  from  the 
southern  part  of  Ashland  County  to  Cuyahoga  Falls,  Summit  County. 
Over  considerable  areas  it  was  impossible  to  trace  the  transition  owing 
to  the  lack  of  high  vertical  sections,  but  most  of  the  main  facts  illus- 
trating the  sequence  were  discovered. 

In  giving  the  results,  we  desire  to  acknowledge  indebtedness  to 
Prof.  Pike  of  Garretsville,  Portage  County,  and  Mr.  J.  E.  Woodland 
of  Wooster,  for  valuable  information  respecting  localities.  Before  giv- 
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ing  the  results  it  may  be  convenient  to  give  a brief  synopsis  of  the  hor- 
izons as  represented  in  Central  Ohio. 


Sandy  shales  and  freestone 
Shales  and  freestone 
Shale  - - - . 

Conglomerate  II 
Shale  - - - - 

Freestone  - 
Conglomerate  I 
Shales  - - - 

Shales,  concretionary  - 
Lower  Berea  Shales 
Berea  grit  &c. 

Bedford  shale 


30 

ft. 

1113. 

100 

ft. 

1112, 

5 

ft. 

nil. 

7 

ft. 

II2. 

40 

ft. 

III. 

60 

ft. 

Is- 

30 

ft. 

I4. 

0 

00 

ft? 

I3 

100 

ft? 

I2. 

40 

ftl 

ill. 

As  may  be  seen  by  this  section,  the  strata  are  divided  into  three 
portions,  the  first  lying  below  the  Chester  limestone  in  Fairfield 
Connty,  but  farther  north  under  the  Carboniferous  conglomerate,  the 
second  portion  lying  between  conglomerates  I and  II,  while  division  I 
rests  on  the  Huron  shale  in  Franklin  County,  but  in  Cuyahoga  County, 
the  Cleveland  and  Erie  shales  are  interposed.  For  a correct  under- 
standing of  the  relations  of  the  divisions  farther  north,  it  will  be  neces- 
sary to  give  a brief  summary  of  the  subdivisions  as  represented  in  Lick- 
ing County.  The  Bedford  shale  (Ii)  is  well  exposed  at  Central  Col 
lege,  Franklin  County,  where  it  lies  immediately  upon  the  Huron  shale. 
It  is  of  a chocolate  color  and  can  be  easily  traced  on  account  of  that 
lithological  peculiarity.  Five  feet  above  the  base,  the  following  char- 
acteristic species  were  found,  Macrodon  hamiltonae^  Leda  diversa  and 
Orthis  vaituxemi.  Lying  on  this  is  the  Berea  grit  (1 2)  which  may  be 
one  hundred  feet  thick  but  absence  of  exposures  renders  it  very  un- 
certain Next  in  order  is  the  Lower  Berea  shale  (I3). 

The  stratigraphical  relations , of  this  portion  of  the  Waverly  have 
not  been  made  out,  but  it  may  be  180  feet  thick.  Two  fossiliferous 
layers  are  contained  within  this  subdivision  as  far  as  known,  the  first 
being  well  exposed  on  Rocky  Fork,  three  miles  from  Gahana,  Frank- 
lin County.  Only  two  species  were  obtained  here,  viz  : Orbiciiloided 
newbetryi  and  Lingula  melie,  which  are  very  abundant  at  a considerable 
distance  above  this.  In  the  same  subdivision  is  another  fossiliferous 
zone  from  which  many  specimens  may  be  obtained  by  a patient  collect- 
or. Atripa  reticularis,  Strophomena  rhomboidalis  and  Proetus  haldemnui, 
with  several  other  species,  are  found  in  this  stratum.  Resting  on  the 
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Lower  Berea  shale  is  the  Upper  Berea  shale  (I4),  which  is  the  most 
fossiliferous  zone  yet  found  in  the  Waverly  of  Central  Ohio ; it  is  well 
exposed  at  Moots’  Run,  Licking  County,  where  over  seventy  species 
have  been  found  ; it  is  an  excellent  base  to  work  from,  as  it  extends 
from  the  Ohio  river  to  Lodi,  Medina  County.  Lying  on  this,  and 
forming  the  top  of  division  I,  is  the  Waverly  shale  ; the  fauna  of  this 
portion  is  remarkable  for  not  containing  more  than  ten  species  of  gas- 
teropods  and  brachiopods  among  the  thirty-five  species  which  have  been 
described  from  it.  The  typical  locality  for  this  subdivision  is  the 
quarry  on  Raccoon  creek,  near  the  Dugway.  three  miles  west  of  New- 
ark, Ohio.  At  the  close  of  this  period  conglomerate  I was  deposited, 
which  also  inaugurated  division  11.  This  division  is  separable  into 
two  distinct  portions.  Subdivision  II i,  is  the  freestone  from  which 
most  of  the  rock  for  building  purposes  is  obtained  ; Syringotheris  ca fieri 
and  Crenipecten  winchelli  are  characteristic  species.  Above  this,  and 
underlying  conglomerate  II,  is  a band  of  shale  (II2)  seven  feet  thick. 
Alloiisifia  winchelli  and  Sanguinolites  ohliquiis  are  characteristic  species 
of  this  layer.  At  the  close  of  division  II,  conglomerate  II  was  depos- 
ited, the  conditions  attending  the  deposition  of  which  were  subject  to 
fewer  breaks  than  those  accompanying  conglomerate  I,  as  shown  by 
the  fact  that  some  of  the  fossils  of  II2  occur  also  in  conglomerate  II, 
and  even  somewhat  higher,  while  conglomerate  I contains  not  a single 
lam^llibranch  or  other  remains,  except  a few  brachiopods.  Division 
III  is  separated  into  three  portions,  the  first  being  well  exposed  at  a 
quarry  one  and  one-half  miles  south  of  Newark,  Ohio,  where  it  is  five 
feet  thick  and  is  easily  identified  by  means  of  the  conglomerate  which 
underlies  it.  Orbiciiloidea  pleurites  and  Allorisma  consanguinatus  are 
characteristic  species.  The  second  part  of  division  three  (III2)  is  well 
exposed  at  the  water  works  reservoir  one  mile  north  of  Newark.  It 
is  here  one  hundred  feet  thick.  S.  stiratiforniis  and  ScJiizodus  newark- 
ensis  are  characteristic  fossils.  Resting  upon  this  and  forming  the  top 
of  the  Waverly  formation  is  about  25  feet  of  sandstone  containing 
Phillip  sia  serraticaudata,  Spirifer  keokuk^  and  Product  us  rushvillensis^ 
with  several  other  forms  peculiar  to  it.  The  theory  advanced  by  Prof. 
Herrick,  for  the  origin  of  these  conglomerates  and  the  different  faunal 
representations  accompanying  them,  is,  that  there  were  a series  of 
oscillations  greatest  in  Central  Ohio  and  lessening  in  intensity  as  we 
go  north.  When  the  first  upheaval  took  place  the  central  Waverly 
area  was  raised  up  and  conglomerate  I was  deposited,  resulting  in  the 
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destruction  of  almost  all  the  life.  xA.gain  there  was  a submergence  and 
the  freestone  of  division  II  was  deposited.  In  course  of  time  con- 
glomerate II  was  laid  in  the  same  way  as  conglomerate  I had  been, 
then  the  Waverly  s^a  had  a long  period  of  rest  during  which  over  130 
feet  of  sediment  was  deposited  It  is  the  object  of  this  paper  to  show 
how  the  different  horizons  were  affected  by  such  oscillations,  and  if 
the  strata  in  the  northern  part  of  the  state  cannot  be  most  satisfac- 
torily correlated  on  such  an  hypothesis.  For  convenience  of  compari- 
son the  same  numbers  for  the  different  subdivisions  will  be  used  as  are 
given  in  the  first  section.  The  following  section  taken  from  Bulletin 
Vol.  IV  of  Denison  University,  will  give  a correct  idea  of  the  strata  as 
represented  in  Hanover  Township,  Ashland  County  : 

Shales,  Phillipsia  serraticaiidata^  - - - 20  ft. 

Freestone  and  shale,  _ . . . 100  ft. 

Co.VGLOMERATE  II,  - - - - - 3 ft. 

Shale,  Sangiiinolites  obliquus,  . . . 3 ft. 

Freestone.  - - - - - - 27  ft 

Conglomerate  I,  - - - - iK  ft. 

Waverly  shale,  - - - - 40  ft. 

Concretionary  shales,  - - - - 30  ft- 

As  can  be  seen  the  portion  above  conglomerate  I has  undergone 
scarcely  any  change,  but  a few  facts  observed  are  perhaps  worthy  of 
notice.  The  part  designated  III2  is  not  as  fossiliferous  as  at  Newark, 
Ohio,  although  the  different  species  are  represented  and  occupy  the 
same  place  as  farther  south.  The  layer  above  conglomerate  II  has 
almost  entirely  lost  its  lithological  character  and  fauna,  Orbiculoidea 
pleuntes  being  the  only  species  found  , that  could  be  referred  to  IIIi, 
with  that  also  occurs  Disciua  ??iaginfica,  which  is  described  beyond, 
some  specimens  of  which  measure  2^  inches  in  length.  Syringoiheris 
carteri  is  also  found  in  this  stratum,  as  that  species  occurs  very  rarely 
above  conglomerate  II  in  Licking  County.  It  would  seem  to  indicate 
that  the  barriers  which  held  most  of  the  species  very  closely  in  Central 
Ohio,  were  beginning  to  disappear.  This,  however,  cannot  be  sub- 
stantiated on  stratigraphical  grounds,  as  conglomerate  II  is  as  thick 
here  as  in  Granville  Township.  The  freestone  or  II i of  Licking 
County  is  almost  ten  feet  less  in  thickness  than  farther  south,  and  is 
not  as  fossiliferous  as  in  Licking  County.  In  the  Waverly  shale  (I5) 
no  species  have  been  found  which  could  be  referred  to  its  equivalent 
farther  south,  but  its  position  between  the  nodule  layer  and  conglora- 


III3 

III2, 

II2. 

III. 

I5- 

!l4. 
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erate  I is  sufficient  to  indicate  its  presence.  The  nodule  layer  is  well 
exposed  here  .and  is  rather  fossiliferous,  at  the  same  time,  some  of  its 
species  which  are  characteristic  of  that  horizon  in  Licking  County,  do 
not  occur  here,  and  vice  versa.  It  may  be  well  to  illustrate  this  point 
more  clearly.  At  Moots’  Run  the  characteristic  species  are  Spirifer 
marionensis ^ Phillip sia  prcRcursor^  Strehlopteria  fragilis  and  Pterinopecten 
cariniferus^  in  Ashland  County,  Hanover  Township.  Phillipsia proicur- 
sor  and  several  other  more  uncommon  forms  have  disappeared  and 
some  new  species  have  taken  their  place,  as  Pierinopeden  ashlandensis, 
and  Leiorhynchus  ? richlandensis,  while  Hemipronites  cenistria  and  Spirit 
fer  ? temiispinalis^  which  are  scarce  at  Moots’  Run,  are  very  abundant 
here.  The  concretionary  zone  is  about  250  feet  below  the  Carbon- 
iferous conglomerate  in  Licking  County,  while  in  Ashland  County  it 
is  only  200  feet.  At  Wooster,  Ohio,  the  following  section  was  ob- 
tained along  Christmas  Run  and  in  Reddigs  Quarry,  immediately 
north  of  the  city. 


Dark  sandstone, 
Conglomerate  II, 
Freestone, 
Conglomerate  I, 
Shales,  &c.. 
Concretionary  shale. 


15 

ft 

III2 

18 

in. 

40 

ft. 

Hi. 

I 

ft. 

30 

ft. 

I5. 

30 

ft. 

I4. 

The  strata  lying  on  top  of  conglomerate  II  are  not  very  well 
exposed,  but  one  species  i^Discina  maguifica)  which  occurs  in  IIIi,  in 
Hanover  township,  is  found  immediately  over  conglomerate  Hi.  It 
would  be  impossible  to  draw  any  line  between  HIi,  and  III2,  so  that 
the  former  will  be  considered  a part  of  HI2.  The  top  of  division  two 
or  II2,  which  is  exposed  in  .Ashland  county,  has  no  equivalent  here, 
and  Hi  is  sparingly  fossiliferous.  Lyringotheris  cdrtcri,  which  is  so 
abundant  farther  south,  was  not  found  at  this  place.  The  nodule  layer 
can  be  very  easily  correlated  with  its  equivalent  in  Ashland  County, 
but  bears  the  same  relation  to  that  outcrop  as  exists  between  the  first 
two  exposures  mentioned.  Our  collections  seem  to  indicate  that 
Pterinopecten  ashlandensis  and  Aihyris  ashlandensis  have  disappeared, 
while  Ptei'inopecten  cariniferus  and  Lyriopecten  nodocostatus  are  very 
rare.  Spiriier  maiionensis,  Mytilarca  fibristriatus^  and  Poisidoniya 
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fragilis  occur  both  here  and  in  Licking  County,  while  Cyrtinia  aciitir- 
ostris,  which  is  found  at  Lodi,  Medina  County,  rarely  occurs  here. 

Coarse  sandstone,  - - - - - lo  ft.  III2. 

Conglomerate  II,  - - - - - 5 ft. 

Sandstone,  - - - - - - 12  ft.  II.  i 

Four  and  one-half  miles  northwest  of  Wooster,  the  above  section 
was  obtained  in  a quarry,  No  fossils  which  could  with  certainty  be  re- 
ferred to  the  strata  farther  south,  were  found  here,  but  it  is  hardly  pos- 
sible that  the  conglomerate  exposed  can  be  conglomerate  I,  as  the  strat- 
um below  it  is  a solid  freestone,  containing  Choneies^  while  that  be- 
low conglomerate  I is  usually  a shale  and  no  specimens  belonging  to 
the  genus  just  referred  to  have  ever  been  found  immediately  under 
conglomerate  1.  We  should  hardly  expect  conglomerate  II  to  be  so 
much  thicker  here  than  at  Wooster;  it  must  therefore  be  a local  de- 
velopment, as  it  thins  entirely  out  farther  north.  A few  plants  were 
found  in  it  which  is  a new  feature.  The  strata  underlying  the  con- 
glomerate show  premonitory  symptoms  of  the  decline  farther  north 


Freestone,  _ . _ . _ 20  ft.  II i. 

Conglomerate  I,  - - - - - 3 ft. 

Blue  shale,  - - - - - - 30  ft.  I5. 


In  this  section  which  is  exposed  in  Funk’s  Hollow,  five  miles  north- 
west of  Wooster,  conglomerate  II  is  not  represented,  the  top  of  divis- 
ion II  having  been  removed  by  erosion;  in  II i Syrmgotheris  carteri^ 
Sanguinolites  aeolus  ?,  and  Phaethonides  occidentalis  were  found.  These 
in  Licking  County  are  confined  to  division  two.  Conglomerate  I is 
underlaid  by  thirty  feet  of  blue  shale  which  is  entirely  unlike  its  equiv- 
alent farther  south.  The  nodule  layer  is  not  exposed. 

Sandstone  and  shales,  - - , - - 60  ft.  III2. 

Conglomerate  II,  - - - - - 

Losely  bedded  sandstone  and  shales,  - - 15  ft.  II. 

This  section  is  revealed  on  the  east  and  west  banks  of  the  Kill- 
buck,  eleven  miles  north  of  Wooster.  The  sixty  feet  of  strata  form- 
ing the  top  of  the  section,  consist  of  alterating  shales  and  beds  of 
white  sandstone,  which  are  quarried  in  places.  No  fossils  were  found 
in  this  part  of  the  section.  Underlying  this  is  about  fifteen  feet  of 
sandstone  and  differs  lithologically  from  its  equivalent  at  Wooster.  It 
contains  poorly  preserved  casts  of  Rynchonellae.  The  position  of 


30 


BULLETIN  OF  THE  LABORATORIES 


conglomerate  II,  which  has  thinned  out,  is  approximately  indicated  by 
the  presence  of  Allorisma  wincheUi. 


White  sandstone. 
Blue  shale, 
j Sandstone, 

( Sandstone, 
Concretionary  zone. 


- 20  ft. 
35  ft- 

-^O  ft. 
lO  ft. 


IIl2. 

1II2. 

IIl2. 

III. 

4- 


Ascending  the  Killbuck  a short  distance  we  find  along  Shade 
Creek,  which  empties  into  the  Killbuck  from  the  west  the  above  sec- 
tion. About  twenty  feet  of  white  sandstone  containing  Schizodus  new- 
arkensis  ? and  an  undetermined  species  of  Orthis  forms  the  top  of  the 
section.  The  blue  shale  underlying  it,  is  better  exposed  here  than  in  the 
section  last  mentioned  and  contains  numerous  fucoids.  The  thirty 
feet  of  sandstone  overlying  the  concretionary  zone  contains 
Productus  semireticulatus  (which  only  occurs  in  III  and  I II 2 in  Central 
Ohio.)  Whether  these  flags  belong  to  Hr  or  III2,  is  doubtful,  as  no 
line -can  be  drawn  between  them  on  any  organic  evidence.  It  seems 
probable,  however,  that  the  lower  portion  belongs  to  II i,  as  fossils 
occupying  that  height  occur  farther  north.  The  Waverly  shale  has 
thinned  out  at  this  locality.  The  concretionary  zone  is  represented 
by  Syriopecten  nodocostatus^  Chonetes  tumidas  and  Pterinopecten  cari- 
niferus.  About  one  mile  from  where  Shade  Creek  empties  into  the 
Killbuck,  and  four  and  one-half  miles  south  of  Burbank,  in  a ditch 
by  the  road  side,  Spirifer  biplicatus  and  Productus  duplicostatus  were 
found,  both  of  these  species  occur  in  the  middle  part  of  division  III 
in  Licking  County,  as  they  are  found  on  the  same  altitude  as  the  upper 
part  of  the  sandstone  overlying  the  concretionary  zone  in  Shade  Creek, 
it  would  seem  to  indicate  that  the  upper  part  belongs  to  that  period. 
The  lithological  features  are  however  entirely  different  from  the  flags  at 
Shade  Creek,  and  resemble  the  exposure  at  Burbank,  Ohio.  Two 
miles  south  of  Burbank  and  a little  below  the  last  exposure,  Sanguiu- 
(dites  naiadiformis  and  Edmondia  tapesiformis  were  found.  The 
former  species  occurs  in  II  i,  in  Licking  County,  while  the  second  was 
described  by  Meek,  from  Richfield,  Summit  County,  it  has  not  been 
found  in  Central  Ohio.  On  the  Killbuck,  a short  distance  southwest 
of  Burbank,  occurs  the  Cuyahoga  shale  of  the  Ohio  geologists.  This 
horizon  would  include  the  stratum  last  mentioned.  At  Burbank,  Spir- 
ifer biplicatus^  Productus  newberryi  and  Hemipronites  ceiiistria  are  the 
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characteristic  species.  At  Lodi,  Medina  County,  occurs  thirty  feet  of 
argillaceous  shale  full  of  concretions,  and  in  it  are  found  four  species 
which  occur  at  Moots’  Run,  Licking  County,  viz  : Fmesteiia  herrickana, 
Rlwmbopom  ohioensis,  Pterinopceten  carinifenis^  and  TerebratiUa  ? incon- 
stans,  while  Cyrtinia  acutirostris  which  occurs  in  the  nodule  layer  at 
Wooster  is  also  collected  here.  This  stratum  is  about  125  feet  below 
the  carboniferous  conglomerate.  It  would  thus  seem  that  although  the 
fauna  at  Lodi  differs  considerably  from  that  of  Moots’  Run,  the  differ- 
ence could  be  accounted  for,  by  the  gradual  disappearance  of  species 
and  new  forms  taking  their  place.  We  would  correlate  the  Cuyahoga 
shale  with  its  equivalents  farther  south  in  the  same  manner  as  the 
concretionary  zone,  as  there  is  no  reason  to  think  that  the  Waverly 
strata,  which  were  deposited  subsequently,  did  not  sustain  the  same 
relation  to  each  other  as  when  the  concretionary  stratum  was  deposited. 
The  Cuyahoga  shale,  however,  seems  to  have  included  elements  above 
any  of  its  equivalents  in  Central  Ohio.  For  example,  Entolium  avicu- 
latum  and  several  species  of  Avicidopecten,  which  have  affinities  with 
coal  measure  forms.  The  different  physical  conditions  under  which 
the  Cuyahoga  shale  was  deposited  necessarily  brought  in  new  forms,  as 
Allorisma  cuyahoga,  Eutoliiim  aviculatii»i , Sole  no  my  a cuyakoyaensis,  and 
Macrodon  tennistriata,  and  several  other  species  which  are  not  found 
farther  south.  It  has  also  some  species  which  occur  in  the  Waverly  of 
Central  Ohio,  viz : Nucula  houghtoni,  which  has  a range  from  thirty- 
five  feet  below  conglomerate  I to  five  feet  above  conglomerate  II, 
Spirfer  bipllcatus,  which  is  found  in  the  middle  part  of  division  III, 
Conularia  newbei'ryi , which  ranges  from  II i to  III2,  and  Plcurotoma- 
ria  Stella,  which  is  found  in  IIli.  These  species  will  serve  to  illus- 
trate the  composite  nature  of  the  Waverly  as  represented  in  the  Cuya- 
hoga valley  at  and  above  the  Big  Falls. 

It  has  been  suggested  in  volume  IV,  page  103,  of  the  Bulletin  of 
Denison  University,  and  in  Vol.  VI,  page  37,  of  the  Ohio  Geological 
Survey,  that  the  Cuyahoga  shale  as  exposed  in  the  valley  of  the  Cuya- 
hoga, should  be  separated  on  account  of  lithological  and  palaeonto- 
logical differences  existing  between  the  different  portions  of  tne  series 
as  exposed  in  that  locality.  We  will  now  describe  the  strata  there, 
giving  their  equivalents  as  represented  in  Central  Ohio  as  nearly  as 
possible.  It  must  be  remembered,  however,  that  the  three  subdivis- 
ions into  which  the  series  have  been  divided,  blend  into  each  other  so 
that  no  line  can  be  drawn  separating  them.  Extending  from  the  Big 
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Falls,  8o  feet  below  the  carboniferous  conglomerate  to  that  layer,  we 
find  a series  of  shales,  &c.,  generally  unfossiliferous,  but  containing 
two  horizons,  from  which  many  species  have  been  obtained.  The  first 
horizon,  from  which  over  thirty-five  species  have  been  figured  in  Bulle- 
tin Vol.  IV,  of  Denison  University,  is  forty  feet  below  the  carboniferous 
conglomerate,  the  second  is  exposed  in  the  series  of  shales  and  free- 
stones of  which  the  stratum  forming  the  Big  Falls  is  the  top.  Alloris- 
7na  Cuyahoga  and  a species  of  Chonetes  are  the  only  species  thus  far 
obtained  from  that  horizon.  These  zones  are  probably  equivalent  to 
divisions  II  and  III  of  Licking  County.  We  have  seen  that  the 
Waverly  shale,  disappears  at  Shade  Creek,  north  of  Wooster,  and  con- 
sequently we  should  not  expect  to  see  it  here.  The  concretionary  zone 
(I4)  has  lost  its  lithological  character  here  and  has  probably  thinned 
out.  fudging  from  the  relative  position  it  holds  at  Richfield  its  horizon 
would  be  under  the  Big  Falls,  More  collecting  will  have  to  be  done 
before  anything  definite, can  be  said  as  to  its  position  here.  The  Berea 
shale,  which  extends  almost  to  the  Big  Falls,  is  very  different,  both 
lithologically  and  palaeontologically  from  the  Cuyahoga  shale  proper. 
Five  species  have  been  obtained  in  this  portion  of  the  series,  which 
are  illustrated  in  Volume  IV,  Bulletin  of  Denison  University,  Plate 
X,  Figs.  29,  30,  31,  32,  33.  It  will  be  seen  by  referring  to  that  plate, 
that  the  portion  above  the  falls  has  nothing  in  common  with  this  shale, 
which  is  equivalent  to  a portion  of  division  I3.  The  Berea  grit  and 
Bedford  shale  are  respectively  equivalent  to  I2  and  Ii  of  Licking 
County. 


2.  TABULATED  LIST  OF  FOSSILS  KNOWN  TO  OCCUR 
IN  THE  WAVERLY  OF  OHIO. 


Additions  and  corrections  to  the  list  published  in  Volume  IV,  page  123. 

W.  F.  Cooper. 

For  the  additions  and  corrections  to  the  crinoids  we  are  indebted 
to  Mr.  F.  A.  Bather,  of  the  British  Museum,  London.  The  correc- 
tions adapt  the  list  to  the  nomenclature  of  Wachmuth  and  Springer. 


Crinoidea. 

For  Actinocrinus  helice,  7'ead  Agaricocrinus  helice. 

“ viminalis,  Amphoracrinus  vimiilalis. 

‘‘  Forbesiocrinius  communis,  read  Taxacrinus  communis. 


“ lobatiis, 

“ kellogi, 

Poteriocrinus  crineus, 

“ corycea, 

“ pleias, 

Scaphiocrinus  lyriope, 

‘‘  subtortuosus, 

Zeacrinus  paternus, 
meriope, 

Scaphiocrinus  algini, 


‘D  lobatus. 
kelloggi. 

“ Scaphiocrinus  crineus. 

“ ‘‘  corycea. 

“ Decadocrinus  pleais. 

“ lyriope. 

“ “ subtortuosus. 

“ Woodocrinus  paternus. 

“ meriope. 

Decadocrinus  aegina. 


Additions. 

Taxacrinus  lobatus,  var.  tardus. 

Platycrinus  bedfordensis.  Hall  and  Whitfield,  O.  Pal.  Vol.  H,  p. 
16 1.  Erie  shale. 

Platycrinus  lodensis.  Hall  and  Whitfield,  Id.  p.  168. 

Woodocrinus  richfieldensis,  Worthen,  Bull.  I,  111.  State  Mus.  Nat 
Hist.  p.  15. 

Agaricocrinus  eris  is  a variety  of  A.  helice. 


34 


BULLETIN  OF  THE  LABORATORIES 


Lamellibranchiata. 

Cypricardinia  consimilis.  Hall. 

Edmondia  ellipsis,  Hall. 

Elymella  patula,  Hall. 

Macrodon  ovatus,  Hall. 

Nuculana  pandoriformis,  Stevens. 

Palseaneilo  truncata,  Hall. 

Pararca  erecta,  Hall. 

Pterinopecten  shumardanus.  Pernopecten  shumardanus. 
Schizodus  (chemungensis  var.)  prolongatus.  Hall. 

‘‘  aequalis,  Hall. 

Sphenotus  aeolus,  Hall. 

“ flavius,  Hall. 

‘‘  valvulus,  Hall. 

“ signatus,  Hall. 

Brachiopoda. 

Syringothyris  typa,  Win. 

Lingula  cuyahogensis,  Hall. 

“ subspatulata,  M.  and  W. 

Productus  cooperensis,  Swallow. 

Strophomena  rhomboidalis,  Wilchins. 

Crustacea. 

Paoetus  haldemani  ? Herrick. 

Gasteropoda. 

Flemingia  ? stulta,  Herrick. 

Pleurotomaria  strigillata,  Herrick. 


3-  THE  CENTRAL  NERVOUS  SYSTEM  OF  RODENTS. 


(Preliminary  Paper  ) 

[Read  by  abstract  before  the  Denison  Scientific  Association,  April  5th,  1890’] 

C.  L.  Herrick  and  W.  G.  Tight. 

Tho  following  notes  upon  the  central  nervous  system  of  Ai'-cioinys 
are  intended  simply  as  an  introduction  to  the  more  detailed  work  which 
it  is  hoped  to  devote  to  the  nervous  anatomy  of  the  rodents.  While 
much  has  already  been  done  in  the  examination  of  other  types  and 
some  effort  has  been  made  to  homologize  the  structures  described  with 
those  of  other  orders  of  mammals,  only  a few  disconnected  references 
to  such  results  of  our  work  can  be  well  introduced.  The  publication 
of  an  incomplete  installment  of  the  paper  seems  advisable,  because  of 
the  large  number  of  figures  which  will  be  necessary  to  fully  carry  out 
the  undertaking.  These  drawings  being  faithful  photographic  copies 
of  sketches  made  by  the  aid  of  the  camera  lucida,  are  relied  upon  to 
give  our  notes  a certain  value  even  in  their  incomplete  and  imperfect 
state. 

The  several  paragraphs  having  been  writtenTy  different  hands  and 
often  without  opportunity  for  consultation,  it  is  obvious  that  disparity 
in  style  and  diversity  in  treatment  may  be  expected.  The  responsibil- 
ity is,  therefore,  a mixed  one,  and  it  will  not  be  possible  or  necessary 
to  unravel  it  entirely ; the  drawings,  however,  are  accredited  to  the 
authors  respectively,  and  from  the  references  to  these  the  source  of 
most  of  the  statements  may  be  gathered. 

In  the  present  conflicting  condition  of  neurological  literature  the 
smallest  contribution  of  exact  data  upon  the  minute  structure  of  the 
brain  should  be  welcome,  and  the  most  hopeful  field  for  the  solution 
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of  the  perplexing  problem  lies  in  work  upon  the  simpler  types.  The 
subject  chosen  possesses  several  advantages.  It  is  a primitive  repre- 
sentative of  the  sciuromorphs  or  squirrel-like  rodents,  having  simply 
organized  cerebrum  and  yet  a greater  exposed  cortex  than  the  myo- 
morphs  which,  at  first  thought,  might  have  been  preferred.  The  brain 
is  large  enough  for  localization  experiments,  but  small  enough  for  con- 
tinuous sections  through  at  least  one-half  of  the  brain.  Another  inci- 
dental advantage  is  that  the  type  is  one  whose  cerebral  anatomy  has 
not  been  exhaustively  treated.  The  resemblance  in  many  respects  is 
close  to  the  brain  of  the  hare,  and  we  have  data  derived  from  the  latter 
subject  sufficient  to  serve  as  a guide  in  the  present  case.  During  the 
progress  of  the  work  the  desirability  of  comparison  with  the  brains  of 
even  lower  types  of  structure  became  so  obvious  that  resort  was  taken 
to  the  alligator  and  Amphibia,  the  results  of  a brief  study  of  the  former 
being  embodied  in  a paper  by  one  of  us,  in  the  current  volume  of  the 
Journal  of  the  Cincinnati  Society  of  Natural  History.  A similar 
study  of  the  brain  of  the  opossum,  being  now  in  progress,  may  be 
shortly  expected. 

Inasmuch,  however,  as  the  work  upon  the  ground  hog  has  been 
so  long  under  way  and  some  of  the  results  have  already  been  pub- 
lished, it  has  been  thought  best  to  present  it  as  it  now  stands  as  intro- 
ductory to  the  more  detailed  anatomy  of  other  rodent  types. 

A word  regarding  the  method  followed  may  be  appropriate : 

The  subject  chosen  was  the  ground  hog,  Arctomys  7nonax^  while 
the  brains  of  rabbits,  opossums,  and  raccoons  served  for  comparison. 
The  functions  of  the  cortex  were  investigated  by  electrical  stimulation 
and  extirpation.  In  this  way  the  motor  centers  for  the  fore  and  hind 
legs,  the  muscles  of  the  face  and  neck,  and  the  sensory  areas  were 
accurately  diagramed.  A method  used  by  us  for  the  first  time  may  be 
incidentally  mentioned  as  worthy  of  more  careful  employment.  As 
the  electrodes  were  removed  from  the  brain  a small  pasteboard  or 
wooden  peg  bearing  a number,  was  inserted  and  the  reaction  produced 
at  this  point  was  carefully  recorded  upon  a diagram  of  the  surface  of 
the  hemisphere  with  the  corresponding  number  attached.  After  the 
removal  of  the  brain  these  tags  served  to  check  the  accuracy  of  the 
diagram,  and  a careful  drawing  was  made  including  the  areas  experi- 
mented on. 

The  brains  were  placed  in  chromic  solution  twenty- four  hours  and 
then  in  alcohol,  and  continuous  series  of  sections  taken  in  various  direc- 
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tions  mounted  in  balsam.  Several  hundred  such  sections  were  pre_ 
pared  and  studied  by  the  method  of  geometric  reconstruction  from 
camera  drawings  and  measurements. 

The  chrom-acetic  solution  appears  to  us  to  have  decided  advan- 
tages over  any  other  fluid  used.  For  some  brains  it  should  be  consid- 
erably more  dilute  than  the  standard  advised  by  Fob  ^ The  most  gen- 
erally satisfactory  stain  is  aqueous  haematoxylin  with  the  possible  ex- 
ception of  a new  stain,  an  account  of  which  is  at  present  reserved. 
Alum-cochineal  ranks  next  and,  although  it  does  not  preserve  the  fine 
histological  details  and  causes  a shrinking  of  cells  and  delicate  organs 
generally,  it  has  the  gr'eat  advantage  of  being  adapted  for  the  staining 
of  fragments  in  toto,  thus  enabling  one  to  fix  the  sections  upon  the 
slide  at  once,  obviating  the  danger  of  loss  as  well  as  avoiding  the  great 
labor  involved  in  the  usual  haematoxylin  method.  The  ordinary  car- 
mine stains  are  relatively  useless  as  are  the  alcohol  solutions  of  haema- 
toxylin, etc. 

Analine  blue-black  has  many  of  the  good  properties  of  haematoxylin 
but  seems  less  desirable  on  the  whole.  A solution  of  methyl  blue  in 
oil  of  cloves  promised  well,  but  it  was  found  impracticable  in  actual 
practice.  So  far  as  our  experiments  went  the  mingling  of  stains  with 
Mueller’s  fluid  proved  unsatisfactory. 

In  some  cases  alum-cochineal  serves  to  differentiate  the  fibre  tracts 
very  perfectly,  but  those  preparations  are  less  perfect  respecting  the 
cells.  In  fact  no  reagent  was  found  serving  both  purposes  equally. 
We  have  preferred,  therefore,  the  use  of  a reagent  which  alters  the 
natural  relations  as  little  as  possible  and  permits  the  tracing  of  what 
may  be  confidently  regarded  as  the  normal  connections  albeit  at  great 
expense  of  patience  and  time.  Successfully  stained  haematoxylin  prep- 
arations do  this.  The  various  methods  of  staining  fibres  only,  although 
undoubtedly  of  the  highest  value,  do  not  prove  adapted  for  the  minu- 
ter work  of  tracing  cells  in  their  mutual  relations.  Ours  has  been  the 
common  fate.  It  has  not  infrequently  happened  that  the  same  process, 
applied  to  two  entirely  similar  brains  has  resulted  in  failure  in  one 
case  and  success  in  another.  Thus  far  no  infallible  technique  has  been 
discovered.  The  statements  made  on  the  basis  of  the  few  specimens.. 
studied  must  remain  open  to  the  criticism  of  subsequent  study. 

Previous  to  the  sectioning,  as  already  said,  several  localization  exper- 
iments were  made  both  by  electrical  stimulation  and  extirpation.  The 
first  specimen  was  a male  of  Arctomys  moiiax,  the  same  specimen  which 
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furnished  the  sections  most  frequently  described  and  figured  beyond. 
Ether  was  employed  as  an  anesthetic,  and  the  skin  was  parted  down 
the  median  line  of  the  head  and  the  skull  removed  over  the  anterior 
and  middle  parts  of  the  left  hemisphere.  The  current  used  was  from 
one  Grove  cell  and  was  just  enough  to  operate  the  induction-coil,  pro- 
ducing an  irritation  easily  endured  by  the  tongue  When  the  elec- 
trodes were  introduced  at  a.  Fig.  4,  Plate  V,  (at  about  the  anterior 
one-third,  near  the  median  line  and  corresponding  approximately  to 
Munk’s  region  C of  the  dog)  a forward  and  outward  motion  of  the 
right  fore  leg  was  produced.  A stronger  current  produced  an  electro- 
tonic contraction  of  the  muscles  of  the  whole  right  side.  At  the  point 
about  5 mm.  behind  and  a little  outward  from  the  above  (corres- 
ponding to  about  the  posterior  margin  of  Munk’s  region  D),  the  stim- 
ulus produced  a straightening  of  the  right  hind  leg.  At  the  point  c, 
about  8 mm.  behind  and  near  the  median  fissure  (corresponding  to 
about  Munk’s  region  F,  near  the  median  line),  the  stimulation  resulted 
in  a sharp  contraction  of  the  orbicularis  palpebrarum  and  orbicularis 
oris  of  the  right  side  and  some  feeble  contraction  of  the  facial  muscles 
of  the  left  side,  probably  due  to  superficial  irradiation. 

At  the  point  about  8 mm.  behind  c,  and  farther  from  the  me- 
dian fissure,  (corresponding  to  the  anterior  margin  of  Munk’s  region 
A,)  the  insertion  of  the  electrodes  produces  no  motor  disturbances  nor 
did  any  point  back  of  d.  By  a series  of  trials  it  was  found  that  the 
electrodes  produced  some  motor  disturbance  of  the  fore  leg  at  all 
points  within  the  area  marked  A,  but  not  beyond  it. 

The  area  B likewise  marks  about  the  limits  of  the  hind  leg  region. 
An  area  of  about  5 sq.  mm.  was  then  removed  from  the  cortex  of  the  left 
side  in  the  fore  leg  region  at  about  a.  The  wound  was  then  dressed  and 
the  animal  allowed  to  recover.  The  power  of  abduction  of  the  right  fore 
leg  was  lost.  After  some  time  another  portion  of  the  cortex  was  re- 
moved, a little  back  of  on  the  left  side.  After  recovery  it  was  found 
that  the  animal  was  blind  in  the  right  eye.  These  experiments  serve 
to  locate  some  of  the  motor  and  sensory  regions  of  the  cerebral  cortex 
for  the  subsequent  histological  works. 

It  may  be  of  interest  to  note  also  one  of  the  series  of  experiments 
of  electrical  stimulation  upon  the  Raccoon,  Procyon  lotor,  which  has 
been  employed  for  comparative  study.  The  animal  was  a male  about 
three-fourths  grown.  Just  enough  current  was  used  to  drive  the  coil. 
Ether  and  chloroform  mixed  were  the  anesthetics  employed. 
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Nearly  the  whole  upper  surface  of  the  cerebral  hemisphere  of  the 
left  side  was  exposed.  The  loss  of  blood  was  very  moderate. 

The  electrodes  were  introduced  at  point  i,  Fig.  2,  Plate  XI,  about 
9 mm.  from  the  median  fissure  and  a little  in  advance  of  the  line  pass- 
ing through  the  anterior  angle  of  the  eye.  The  result  was  a forward 
and  inward  motion  of  the  right  fore  leg. 

At  point  2,  the  introduction  of  the  electrode  gave  an  undefined 
movement  of  right  fore  leg. 

At  point  3,  about  7 mm.  from  the  median  line  and  separated  from 
I by  a faint  sulcus,  the  stimulation  produced  a flexion  of  the  pes  on 
the  crus  and  elevation  of  right  hind  leg. 

At  4,  a movement  of  the  right  hind  leg,  as  at  3,  and  a slight  ro- 
tation of  the  fore  leg  inwards. 

At  5,  about  3 mm.  from  the  median  line,  the  stimulation  pro- 
duced an  extension  and  divarication  of  the  digits  of  the  right  foot. 

At  6,  the  fore  leg  was  elevated  and  flexed,  and  with  a little  stronger 
current  the  hind  leg  was  also  elevated  and  flexed. 

At  7,  there  was  an  extension  of  the  toes  corresponding  to  the 
movements  produced  at  5,  of  the  opposite  side. 

Perhaps  more  important  in  its  bearing  on  the  present  subject  is  a 
set  of  experiments  upon  the  opossum,  of  which,  unfortunately,  no  very 
exact  data  have  been  preserved.  The  configuration  of  the  hemispheres 
as  well  as  the  details  of  structure  resemble  very  closely  those  of  rodents. 
Moreover,  such  hints  as  we  have  of  the  development  of  the  Rodentia 
indicate  a common  origin  for  the  two  groups  and  comparatively  slight 
subsequent  differentiation.  It,  then,  would  not  be  surprising  if  a con- 
siderable similarity  of  distribution  in  the  cortical  elements  should  be 
proven  to  exist.  On  the  other  hand,  the  existence  of  an  apparent 
homologue  of  the  crucial  sulcus  near  the  front  of  the  cerebrum  would 
lead  one  to  expect  the  aggregation  of  the  motor  elements  near  this 
sulcus.  The  experiments  in  this  case  were  made  with  a Grenet  cell 
and  DuBois-Raymond  coil,  with  the  secondary  coil  at  about  8 cm.,  the 
current  being  applied  by  a pair  of  platinum  electrodes  separated  by 
about  3 mm.  Stimulation  of  the  region  about  the  crucial  sulcus  (so 
called)  resulted  in  movements  ot  the  anterior  extremity,  but  the  diffi- 
culty in  controlling  the  flow  of  blood  interferred  with  close  analysis. 
The  area  on  either  side  of  the  median  fissure  responded  with  various 
poorly  localized  contractions  of  the  trunk.  About  6-8  mm.  posterior  to 
the  crucial  sulcus  and  4-5  mm.  from  the  medial  line  is  an  ill-defined 
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area  governing  the  hind  leg.  These  motor  reactions  were,  in  the  main, 
crossed  as  usual,  but  in  several  instances  similar  motions  of  the  muscles 
of  both  sides  resulted  when  superficial  irradiation  appeared  to  be  ex- 
cluded. The  areas  thus  roughly  mapped  in  the  opossum  coincide  in 
general  with  those  of  the  ground  hog  and  we  are  forced  to  conclude 
that  the  crucial  sulcus  of  the  opossum  is  not  strictly  homologous  with 
the  fissure  so  named  in  carnivora. 

The  rodent  brain  is  especially  noteworthy  because  of  the 
reptilian  simplicity  of  structure.  The  smooth,  depressed  and  elon- 
gate hemispheres,  protruding  and  exposed  olfactory  lobes,  and  partially 
exposed  optic  lobes  are  such  characters.  The  large,  highly  convoluted 
cerebellum  redeems  the  mammalian  habitus  of  the  brain.  The  convo- 
lutions have  definite  patterns  which  may  be  of  generic  or  possibly  or- 
dinal character.  The  extended  flocculus  is  a rodent  character.  The 
forward  extension  of  the  chiasm  and  the  great  obliquity  of  the  optic 
tracts,  as  well  as  the  distinctness  of  the  thalamus  from  the  axial  portion 
of  the  hemisphere  may  be  regarded  as  primitive  or  degraded  conditions 
as  are  the  relatively  posterior  position  of  the  corpus  callosum,  the  dis- 
tinctness of  the  fornix  and  its  reflation  to  the  hippocampus  and  the 
great  size  of  the  ventricles.  In  spite  of  the  considerable  size  of  the 
cerejellum,  it  does  not  entirely  cover  the  fourth  ventricle.  The  sev- 
eral spinal  nerves  have  a degree  of  independence  greatly  facilitating 
their  study. 

The  comparison  with  the  opossum  on  the  one  hand  and  Carnivora 
on  the  other  is  instructive  as  illustrating  the  range  of  variation  in  struc- 
tures essentially  similar.  The  most  marked  difference  between  the  ro- 
dents and  marsupials  consists  in  the  relative  importance  of  the'  two 
great  commissural  systems  of  the  fore-brain. 

In  Didelphys  the  callosum  is  practically  absent  and  the  fibres  serv- 
ing the  function  of  the  corpus  callosum  m higher  mammals  are  associ- 
ated with  the  anterior  commissure.  Tne  structure  of  this  region  in 
the  opuLim  is  of  great  interest.  The  great  mass  of  transverse  fibres 
constituting  the  commissural  system  of  the  fore-brain  consists  of  four 
elements,  viz  : 

I St.  Fibres  from  the  olfactory  tract  which  cross  from  the  pyriform 
lobe  to  the  thalamus  near  the  brain  base  and  ascend  to  the  level  of  the 
lower  surface  of  the  anterior  commissure,  where  they  turn  abruptly 
cephalad  and  decussate  as  they  mingle  with  that  commissure.  2d, 
the  fibres  of  the  anterior  commissure  itself,  which,  as  already  suggested, 
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gathers  fibres  from  the  cephalad  as  well  as  occipital  regions  at  least  of 
the  ventral  portions  of  the  hemispheres.  3d,  the  commissure  of  the 
hippocampus  is  quite  distinct  from  the  previously  mentioned,  and  is 
quite  a narrow  and  slender  band  of  considerable  length,  as  the  hippo- 
campi, posteriorly,  are  oval  or  quadrate  in  section  and  at  the  point  of 
origin  of  the  fornix  or  hippocampal  commissure  are  widely  separate. 
4th.  A rudiment  of  what  may  be  called  corpus  callosum,  although  we 
are  unwilling  to  homologize  it  definitely  with  that  body.  The  last 
mentioned  is  a small  fibre-tract  which  lies  anterior  to  but  adherent  upon 
the  hippocampal  commissure  and  soon  loses  itself  in  the  median  walls 
of  the  hemispheres  corresponding  to  the  septum  pellucidum.  Being 
a tract  of  the  cortex  this  band  has  as  great  claim  to  be  homologized 
with  the  corpus  callosum  as  the  relatively  larger  commissure  of  the 
alligator. 

Exactly  the  same  relations  between  the  hippocampal  commissure 
and  the  callosum  are  found  in  the  insectivora,  as  may  be-  seen  by  com- 
paring Plate  X,  Fio.  7,  except  that  the  latter  possesses  a well-defined 
corpus  callosum  above  the  ammon’s  horn.  ‘ 

Comparing  with  these  a section  through  a corresponding  region 
of  the  kitten  (Plate  XII,  Fig.  6),  the  relations  appear  very  different, 
but  the  difference  arises  chiefly  from  the  different  proportions  and  the 
relative  compactness  of  the  brain  whereby  the  thalmus  and  corpora 
striata  are  crowded  upon  each  other.  The  wide  interval  between  the 
anterior  commissure  and  the  callosum  may  be  regarded  as  an  incident 
of  this  consolidation.  Finally,  the  examination  of  Plate  X,  Fig.  5, 
reveals  the  fact  that  the  hippocampus  has  a very  similar  relation  in  the 
rabbit.  This  section,  although  nearly  horizontal,  inclines  toward  the 
median  line  from  the  cortex  of  the  right  hemisphere  and  embraces  a 
segment  from  the  middle  region  simply. 

Before  passing  to  a description  of  our  own  investigations,  it  may 
be  well  to  present  a summary  of  the  results  of  Stieda’s  work  upon  the 
rabbit  and  rat.  This  summary  will  serve  as  an  introduction  to  the 
subsequent  paper  as  well. 

After  removing  the  tuber  cinereum,  which  is  but  a small  protuber- 
ant portion  of  the  thalamus  below,  the  latter  appears  divided  by  the 
thin  cleft  representing  the  third  ventricle  into  two  symmetrical  halves. 
The  ventricle  is  divided  into  a lower  and  upper  portion  by  the  adhe- 
sion of  the  walls,  often  called  commissura  mollis.^  which,  however,  is 
not  a true  commissure.  The  ventricle  descends  to  the  tuber  cinereum. 
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In  front  of  the  corpora  quadrigemina  is  a strong  posterior  commissure. 
The  lower  portion  of  the  third  ventricle  pertaining  to  the  tuber  cin- 
erum  is  bounded  behind  by  the  tuberculum  mamillare  and  the  substan- 
tia cinerea  posteriora,  in  front  by  the  thin  grey  lamella  rising  to  the  cor- 
pus striatum,  the  lamina  iemninalis. 

The  copora  striata  are  pear  shaped  bodies,  the  anterior  portions  of 
which  are  connected  by  the  septum  pellucidum,,  which,  in  turn,  is  con- 
nected with  the  lamina  terminalis.  The  septum  is  perforated  by  the 
fibres  of  the  commissure  anterior.  The  lower  surface  of  each  hemi- 
sphere is  provided  with  a protuberance  or pyriformis  (in  reali- 
ty produced  by  the  fold  of  the  hippocampus)  which  is  separated  by  a 
sulcus  {rhinaiis  and post-rhinalis)  from  the  remainder  of  the  cortex. 
From  the  anterior  or  narrow  portion  of  this  pear  shaped  area  extends 
the  olfactory  lobe. 

Removal  of  successive  horizontal  slices  of  the  hemispheres  exposes 
the  callosum^  which  is  medianly  connected  by  a considerable  adhesion 
with  the  cornua  ammo Ji is.  Each  lateral  ventricle  is  a cavity  lying 
between  the  corpus  striatum  and  septum  pellucidum  in  front  and  be- 
tween the  corpus  striatum  and  cornu  ammonis  below  and  medianly. 
After  suitable  preparation,  fibres  can  be  seen  crossing  below  the  callos- 
um and  ending  in  the  groove  between  the  thalamus  and  striatum  and 
probably  representing  the  posterior  limb  of  the  fornix. 

Cranial  Nerves  I and  II,  as  usual.  The  oculomotor  (III)  springs 
from  the  median  surface  of  the  crura,  just  behind  the  corpus  mamillare. 
The  trochlear  is  (IV)  originates  as  a fine  fibre  from  the  horizontal  part 
of  the  valvLila  cereb^lli,  immediately  behind  the  quadrigemina.  • The 
trioe/ni.nu^  (V)  arises  just  posterior  to  the  pons  and  is  cmnposed.of  a 
lateral  portio  major  and  median  portio  minor.  The  abducens  (VI) 
emerges  near  the  median  line,  near  the  posterior  margin  of  the  pons. 
The  facial  (VII)  emerges  obliquely  from  the  medulla  behind  the  pons 
upon  the  corpus  trapezoideum.  The  auditory  (VIII)  springs  from  the 
lateral  surface  of  the  tuberculum  laterale,  immediately  behind  the  tri- 
geminus. The  glossopharyngeal  (IX)  is  a root  of  about  three  bundles 
springing  from  the  lateral  surface  of  the  medulla  behind  the  tubercu- 
lum laterale,  forming  a small  ganglion.  The  vagus  (X)  consists  of 
several  bundles,  forming  an  arch  along  the  lateral  surface  of  the  me- 
dulla, the  lowest  bundle  being  continuous  with  the  accessory  (XI),  fibres 
of  which  extend  back  as  far  as  the  third  or  fourth  spinal  nerves.  The 
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hypoglossus  (XII)  springs,  with  a rather  large  number  of  fibres  from  the 
lateral  margin  of  the  pyramids. 

The  increase  in  the  size  of  the  medulla  from  behind  forward  is 
accompanied  by  an  increase  in  the  amount  of  gray  matter,  and  also  an 
inter-reticulation  of  the  gray  and  white  matter.  This  reticulation  is 
the  forward  extension  of  the  formatio  reticularis  of  the  cord.  The 
posterior  cornua  are  divaricated  cephalad,  and  between  them  are  inter- 
polated accessory  gray  masses,  the  corpus  cuneato  gracile.  The  poste- 
rior part  of  the  dorsal  cornu  increases  in  size,  forming  the  tubcvcidum 
Rolandii.  In  the  anterior  (ventral)  cornua  the  lateral  giant  cells  dis- 
appear, but  in  the  gray  matter  of  the  reticulum  are  very  numerous  me- 
dium and  small  cells.  Only  in  the  higher  (cephalad)  regions  of  the 
medulla  do  large  multipolar  cells  (.08  mm  ) reappear. 

In  the  caudal  part  of  the  medulla,  near  the  pyramidal  decussation, 
appear  two  groups  of  cells,  the  basal  and  lateral  nuclei.  Tne  first  is 
rather  broader  than  the  pyramids,  dorsal  to  which  it  lies,  and  extends 
upward  (cephalad)  to  about  the  middle  of  the  medulla.  The  cells 
measure  .016-. 02  mm.,  with  nuclei. 008-  01  mm.  in  diameter,  and  have 
only  obscure  processes.  This  nucleus  is  divided  into  subordinate  cell 
clusters  by  numerous  fibres  passing  in  all  directions,  which  evidently 
have  their  origin  here.  The  lateral  portions  of  this  nucleus  are  regu- 
larly perforated  by  the  roots  of  the  hypoglossus.  The  second  group 
(nucleus  lateralis),  lies  in  the  antero-lateral  (ventro-lateral)  portion  of 
the  medulla,  extending  a shorter  distance  cephalad.  The  cells  are 
multipolar  with  angular  outlines  and  are  of  median  size  and  not  closely 
packed.  Another  cell  cluster,  nuclus  centralis.,  lies  on  either  side  of 
the  ventricle  and  its  cells  are  spindle  shaped  and  longitudinally  placed, 
measuring  .024  mm.  An  additional  cluster  (hypoglossus  nucleus),  ex- 
tending a shorter  distance  caudad  and  lying  ventral  to  the  above,  con- 
sists of  multipolar  cells  .04  mm  long,  and  retains  its  position  near  the 
ventricle,  while  the  dorsal  portion  extends  laterally  toward  the  front 
A cell  clustre  in  the  corpus  cuneato-gracile  may  receive  the  same  name 
and  anteriorly  nucleus  restifornie.  Cephalad  in  the  medulla,  after  the 
termination  of  the  basal  nucleus,  angular  cells,  .04  mm.  in  diameter 
collect  on  either  side  of  the  raphe  forming  the  nucleus  of  raphe. 
Cephalad  from  the  nucleus  lateralis,  and  distinctly  separated  from  it, 
is  the  nucleus  of  the  facialis,  the  cells  of  which  are  multipolar,  with 
processes  ascending  to  the  root,  and  measure  about  .04  mm. 

The  dorsal  and  lateral  longitudinal  bundles  are  indistinct,  but  a 
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ventral  bundle  lies  ventrad  from  the  median  nucleus  and  is  bounded 
laterally  by  the  hypoglossal  fibres.  Along  the  anterior  surface  the 
pyramids  are  very  obvious.  Numerous  concentric  fibres  crossing  in 
the  raphe  are  also  mentioned.  ' The  jihrae  arcifo^nnes  which  consist  of 
oblique  fibres  springing  from  the  lateral  aspect  of  the  pyramids,  curve 
dorsally  and  cephalad  to  the  corpus  restiforme,  collecting  there  to  a 
considerable  bundle,  passing  cephalad,  and  disappearing  under  the 
tuberculum  laterale. 

The  hypoglossus  has  two  sorts  of  roots,  some  resembling  in 
origin  the  roots  of  the  anterior  spinal  nerves,  and  a bundle  which 
springs  from  the  nucleus  above  described  near  the  sides  of  the  fourth 
ventricle.  There  is  no  doubt  that  the  nerve  receives  crossed  fibres 
from  the  opposite  side  and  from  the  longitudinal  bundle. 

The  accessory.  The  caudal  roots,  i.  e.  those  in  the  region  of  spinal 
nerves,  turn  abruptly  to  enter  longitudinal  bundles  lying  in  the  gray 
and  probably  arising  from  the  anterior  (ventral)  cornua.  The  roots  of 
the  cephalad  division  of  the  accessory  with  those  of  the  glossopharyn- 
geal and  vagus  enter  the  tuberculum  Rollandii,  pass  toward  the  median 
nuclei,  but  suddenly  turn  to  form  longitudinal  bundles  not  traceable 
to  definite  nuclei.  The  fibres  from  the  ventrally  situated  facialis  nu- 
clei converge  dorsally,  forming  a considerable  longitudinal  bundle  on 
either  side  the  canalis  centralis,  and,  turning  laterally,  pass,  without 
crossing,  to  their  exit  through  the  longitudinal  fibres  of  the  trape- 
zoideum. 

The  nucleus  of  the  abducens  lies  lateral  to  the  knee  of  the  facial 
root,  i.  e.  in  its  concavity.  The  cells  of  the  abducens  are  of  the  same 
size  and  appearance  as  those  of  the  facialis.  The  fibres  pass  ventrally 
and  then  laterally  without  crossing.  The  acusticus  consists  of  the  two 
roots,  the  dorsal  root  sends  fibres  to  the  tuberculum  laterale,  but  a part 
pass  beyond  to  the  gray  matter  of  the  wall  of  the  ventricle,  where  they 
possibly  terminate  in  small  cells.  The  ventral  root-fibres  form  numer- 
ous small  bundles  which,  after  perforating  the  lower  part  of  the  tuber- 
lum  laterale,  diverge  in  several  directions.  A small  part  turn  abruptly 
dorsally  to  unite  with  the  dorsal  root,  the  remainder  follow  the  longi- 
tudinal course  of  the  fibrae  arciformes  to  a position  within  the  crus 
cerebelli,  where  there  appears  a large  nucleus  composed  of  large  mul- 
tipolar cells  and  which  may  be  regarded  as  the  nucleus  of  the  acus- 
ticus. 

The  trigeminus  has  two  roots,  the  larger  of  which  is  composed  of 
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small  fibres,  the  immediate  derivitives  from  a longitudinal  bundle  ap- 
pearing far  caudad  in  the  medulla  and  anteriorly  covered  by  the  longi- 
tudinal bundle  of  the  fibrse  arciformes.  A smaller  longitudinal  bundle 
lies  in  the  tuberculum  Rolandii.  The  smaller  root  springs  from  a nu- 
cleus of  large  multipolar  cells,  like  those  of  the  facialis,  lying  below 
the  floor  of  the  ventricle.  Its  fibres  curve  dorsally,  then  ventrally  and 
laterally  to  their  exit.  A part,  however,  of  the. trigeminus  fibres  can 
be  traced  to  the  nucleus  of  the  trochlearis.  The  cells  of  the  trbchlearis 
nucleus  are  rounded  and  have  few  processes.  The  nucleus  is  elon- 
gate, and  its  fibres  pass  dorsally  and  caudad  to  the  decussation  in  the 
valvula  cerebelli. 

The  Cerebellum.  The  medulla  is  connected  with  the  cerebellum 
by  the  fibrse  arciformes,  there  being  no  connection  via  corpora  resti- 
form.  The  entire  mass  of  the  crura  cerebelli  ad  corpora  quadrigemina 
is  derived  from  the  cerebellum. 

In  the  pars  peduncitlai  is  the  pyramids  appear  quite  lateral,  while 
the  anterior  longitudinal  fasciculi  occupy  a place  between  them  and 
are  only  separated  from  each  other  by  the  substantia  cinerea  posteriora 
media.  In  addition  there  is  a dorsal  fascicle,  and  isolated  fibres  from  the 
cerebellum. 

The  gray  substance  between  the  longitudinal  bundles  is  composed 
of  a granular  basis  with  small  round  or  spindle  cells  and  contains  the 
following  nuclei.  The  nucleus  peduncularis  consists  of  a lower  por- 
tion composed  of  numerous  small  cells  (.012-.016  mm.)  and  an  upper 
smaller  nucleus,  with  large  multipolar  cells  (.04  mm).  This  nucleus 
occupies  a lateral,  ventral  position  below  the  nucleus  of  the  oculomotor^ 
which  its  upper  portion  resembles. 

The  corpora  quadrigemina,  thalami  and  optic  region  were  not 
fully  studied.  , 

The  corpora  striata  consist  of  mingled  gray  and  white  matter,  the 
side  nearest  the  ventricle  being  almost  altogether  gray,  and  the  lateral 
portion  united  with  the  hemispheres  is  full  of  fibre  bundles.  The  gray 
substance  contains  small  round  or  fusiform  cells  with  exceedingly  fine 
processes  and  measuring  .008-.  012  mm. 

The  hemispheres  are  evidently  zonary,  the  outer  layer  having  a 
thickness  of  o.  5 mm. , followed  by  a gray  layer  reposing  in  turn  upon 
the  inner  white.  The  gray  matter  of  the  cortex  consists  of  three  lay- 
ers of  cells:  first,  an  outer  layer  of  small  cells  .008-. 016  mm.  long, 
and  closely  aggregated;  second,  the  layer  of  large  cells  .04  mm.  long, 
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which  are  triangular  with  a single  peripheral  process  ; third,  small  cells 
differing  from  the  outer  or  first  layer  in  that  the  cells  are  more  spheri- 
cal, while  the  cells  of  the  outer  layer  are  spindle  shaped. 

On  the  ventral  surface  of  the  callosum  the  cornua  ammonis  are 
connected  by  transverse  fibres.  The  gray  matter  of  the  lower,  or  pyri- 
form lobe  fuses  directly  with  that  of  the  striatum,  and  its  superficial 
cell-layer  is  composed  of  cells  like  that  of  the  peripheral,  and  these 
are  closely  compacted  and  arranged  in  a tortuous  line. 

The  septum  pellucidum  conforms  in  structure  to  that  of  the  cortex. 
The  anterior  commissure  consists  of  fibres,  a part  of  which  radiate  to 
the  striatum,  and  a larger  part  to  the  olfactory  lobes. 

The  pyriform  lobe,  or  protuberance  of  the  ventral  surface  of  the 
hemispheres,  lacks  the  inner  white,  its  outer  cellular  portion  fusing  di- 
rectly with  that  of  the  corpus  striatum. 

The  general  description  above  condensed  is  in  nearly  every  detail 
applicable  to  the  ground  hog  so  that  it  will  render  unnecessary  any 
discussion  of  the  external  features  Sundry  discrepancies  and  errors 
in  the  histological  descriptions  may  be  noted  by  comparison  with  the 
following  pages. 

A detailed  special  account  of  the  gross  anatomy  of  Arctomys 
monax,  by  one  of  us,  is  incorporated  beyond;  for  the  present  a brief  re- 
view of  current  views  upon  the  questions  here  chiefly  discussed  may 
prove  a fitting  introduction  to  the  descriptions. 

With  reference  to  the  cortex  the  prevailing  attitude  is  one  of  ag- 
nosticism, as  may  be  inferred  from  the  following  passage  frome  Raue: 

‘‘If  the  latest  researches  of  Max  Schultze  are  correct,  it 
appears  that  the  nerve  cell  is  essentially  only  an  enlargement,  with 
nucleus  and  nucleolus,  of  the  axis-cylinder;  that,  therefore,  it  does  not 
represent  the  beginning,  but  is  merely  an  intervening  expansion  of  the 
nerve  in  its  course.  The  bipolar  cell  is  so  to  be  considered.  In  the  case 
of  the  multipolar  cells  of  the  spinal  narrow,  from  which,  according  to 
Deiter’s  discovery,  one  axis-cylinder  issues  to  pass  toward  the  periphery, 
while  many  other  processes  spread  in  different  directions,  the  cell  ap- 
pears to  be  an  intermediate  station  for  the  conveyance  of  innumerable 
nerve  fibrils  from  different  regions  in  order  to  unite  and  form  one  axis- 
cylinder.  Even  here  the  axis  cylinder  cannot  be  considered  as  origi- 
nating within  the  nerve  cell.  It  is  only  made  up  there,  like  the  bulk 
of  a main  stream,  from  numerous  tributaries,  the  source  of  which  no 
one  has  yet  discovered.  The  researches  of  Deiter  also  made  it  prob- 
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able  that  the  groups  of  ganglion  cells,  from  which  the  cranial  nerves 
arise,  and  which  have  been  made  known  by  Stilling  as  the  nuclei  of 
sensory  roots,  consist  of  cells  in  form  entirely  similar  to  those  from  the 
anterior  and  posterior  cornua  of  the  spinal  marrow,  and  that  they,  like 
these,  send  off  only  one  axis  cylinder,  which  passes  toward  the  per- 
piphery,  while  the  other  processes  divide  into  innumerable  primitive 
fibrils.”* 

Turning  to  the  morphological  aspects  of  the  same  problem,  the 
results  are  similar.  Thus  in  the  literature  before  1870,  although  all 
agreed  that  the  cortex  is  laminated,  Baillarger  (1840),  Gerlach  (1852), 
Berlin  (1859),  and  others,  described  six  layers,  Koelliker,  four  to  six, 
Arndt,  five  to  six,  and  Meynert,  nine.  The  giant  pyramids  or 
“pyramidal  bodies,”  {Meynert),  were  described  by  Arndt  as  pyra- 
mids with  five  or  more  fine  branches  from  the  base,  which  divide 
dichotomoLisly  and  are  lost  in  a nervous  reticulum  of  the  ground 
substance,  while  the  apex  process  passes  upward,  then  abruptly  turns 
downward  to  form  an  axis  cylinder.  Meynert,  and  after  him  Loech- 
ner,  Kollman  and  Stieda,  on  the  contrary,  claim  that  the  apical  pro- 
cess divides,  while,  besides  the  baso-lateral  processes  there  is  a me- 
dian basal  double-contoured  fibre  which  passes  into  an  axis  cylinder. 

Meynert  say,  (Psychiatry,  p.  70):  “Betz  has  stated  that  the  ante- 
rior central  convolution  contained  groups  of  particularly  large  pyra- 
mids, which  he  thought  were  the  circumscribed  motor  centres  which 
Hitzig,  on  the  strength  of  his  physiological  experiments,  relegated  ex- 
clusively to  the  anterior  central  convolution  of  the  brain  of  dogs  and 
monkeys.  Apart  from  the  mistake  which  Hitzig  made  in  establishing 
the  homologue  in  carnivora  of  the  anterior  central  convolution,  it  has 
been  proved  that  the  size  of  the  pyramids  depends  upon  their  distance 
from  the  cortical  surface.  The  largest  pyramids  will,  therefore,  be 
found  in  the  broadest  cortical  region  ; but  the  broadest  cortical  region 
is  that  of  both  central  convolutions.  * * * The  largest  pyramids 

appear  to  be  arranged  in  small  groups  at  some  distance  from  one  an- 
other. It  would  be  wrong  to  argue  from  this  that  these  large  pyramids 
have  a different  signification  from  the  smaller  ones.  Luys  is  in  a great 
measure  responsible  for  this  mistake.  Betz  appears  to  me  not  to  have 


Raue,  Psychology  as  a Natural  Science  applied  to  the  Solution  of  Occult 
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made  a discovery,  but  to  have  failed  to  appreciate  the  relations  which 
obtain  in  the  primary  disposition  of  the  cortical  elements.” 

The  study  of  the  cortex  in  animals  which,  like  rodents,  have  an 
unconvoluted  cerebrum,  proves  that  Betz  was  entirely  right  in  associ- 
< ating  special  motor  areas  with  enlarged  pyramids,  as  we  hope  to  suf- 
ficiently show.  The  real  basis  for  subsequent  work  is  indicated  by  the 
following  passage  from  Meynert : 

“No  morbid  change  and  no  physiological  experiment  gives  us  any 
reason  to  hope  that  we  shall  be  able  to  explain  the  difference  in  form 
of  cortical  elements  in  closely  neighbaring  layers.  Morphological  in- 
terpretation is  the  only  method  which  can  come  to  our  rescue  The 
nerve  corpuscles  of  the  gray  anterior  horns  of  the  spinal  cord,  of  the 
central  nuclei  of  the  hypoglossal,  facial  and  abducens  nerves,  and  as 
far  upwards  as  the  oculomotor  nerve,  all  show  long,  slender  cell  forms 
with  numerous  processes.  These  processes  seem  to  arise  with  a broad 
base  from  the  body  of  the  cell.  The  same  peculiarities  of  configura- 
tion which  we  observe  in  those  nerve  cells,  which  are  connected  with 
the  centrifugal  nerve  tracts,  are  found  in  the  cortical  pyramids,  and 
there  can  only  be  explained  by  the  similarity  in  the  distribution  of 
those  bodies.  Gerlach  has  compared  the  median  base  process  with 
those  spinal  cell  processes  which  enter  the  anterior  roots.  The 
granules  of  the  fourth  cortical  layer,  which  are  distinguished  from  the 
free  nuclei  by  their  size  and  protoplasm,  from  the  spider  and  spindle 
shaped  cells  by  the  distinct  boundary  of  their  protoplasm,  and  by  a 
lesser  number  of  stout  processes,  may  be  likened  to  those  branched 
ganglionic  cells  which  occur  in  centres  connected  with  centripetally 
conducting  tracts.  \ — {Meynert,  Psychiatry,  p.  66.) 

The  paper  of  Golgi  (Revista  sperimentale,  1883),  has  remained 
inaccessible  to  us  but,  judging  from  excerpts,  Koelliker’s  criticism 
(Anat.  Anzeiger,  1888,  II,  No.  15,)  seems  justified.  Especially  we  feel 
constrained  to  call  attention  to  Koelliker’s  suggestion  that  the  outer 
zone  contains  fibre  tracts  of  major  importance.  This  we  had  previ- 
ously determined  and  in  the  case  of  lower  vertebrates  the  existence  of 
prominent  tracts  in  the  so  called  neuroglia  layer  is  well  demonstrated. 

Koelliker  says:  “ Sehr  eigentuemlich  ist,  was  Golgi  ueber  die 
axencylinderfortsaetze  die  nervenzellen  mittheilt.  Dieselben  sollen  in 
zwei  Formen  vonkommen.  Bei  den  centrifugal-wirkenden  (motoris- 
chen)  Zellen  soli  der  Fortsatz  im  ganzen  mit  gleichbleibenden  Staerke 
zum  axencylinder  einem  dunkelrandigen  Fasser  werden,  auserdem 
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arber  auch  eine  gewisse  Zahl  fieiner  sich  veraestelnder  Fortsaetze  in 
eim  nervoeses  Netz  abgeben,  dass  nach  Golgi  Nervenfasern  urd 
Nervenzellen  verbindet.  In  dieses  Nets  treten  auszer  den  eben 
genannten  feiner  Auslaeiifern,  noch  ein  (i)  feine  veraestelte  Auslaeu- 
fer  der  motorischen  Nervenfaeserri,  Welche  von  den  Axencylinder- 
fortsaetzen  der  motorischen  Zellen  entspringen,  (2)  Fortsaetze  der 
centripetal  erragbaren  (sensiblen)  Nervengellen,  die  Golgi  als  nervoese 
bezeichnet,  arber  in  ein  feines  Netz  sich  aufloesen  laeszt,  (3)  endlich 
veraestelte  feine  Auslaeufer  der  centripetal  wirkenden  (sensiblen) 
dunkel-randigen  Fasern.  Mir  will  es  nun,  trotz  aller  Anerkennung 
der  wichtigen  errungenschaften  Golgi’s,  vorkommen,  als  ob  dieexistenz 
eines  solchen  verwikelten  nervoesen  Netzes  nicht  hinreichend  sicher 
begruendet  sei.” 

The  question  as  to  the  anastamoses  between  different  gpt-glion 
cells  has  been  laboriously  argued.  Some  few,  like  Claus,  Vv. Hanes, 
Wagner  and,  more  recently,  Nansen  have  denied  the  existence  of  such 
connections.  Nansen  says: 

I have  on  several  occasions  firmly  denied  a common  existence 
of  direct  combinations  between  cells,  not  having  found  any  case  of 
indubitable  anastomosis  between  cell  processes.”  ‘^The  ‘neuroglia 
cells  ’ and  fibres,  which  are  interposed  between  the  ganglion  cells,  have 
certainly  assisted  a great  many  writers  to  see  anastomoses,  as  they  have 
not  understood  the  real  nature  of  this  supporting  tissue.” 

The  author  admits  what  we  have  very  frequently  seen  beyond 
doubt,  that  lateral  communication  certainly  exists  as  a result  of  cell 
division,  but  seems  to  believe  that  there  is  a subsequent  solution  of 
continuity.  He  says  :* 

“ When  one  has  examined  so  many  preparations  (stained  by  the 
most  perfect  methods)  as  I have,  without  finding  one  anastomosis  cf 
indubitable  nature,  I think  one  must  be  entitled  to  say,  that  direct 
anastomosis  between  the  processes  of  the  ganglion  cells  does  not  exist, 
as  a rule.  What  previous  writers  have  supposed  to  be  anastomoses 
is,  in  my  opinion,  probably  the  neuroglia  reticulation  generally  extend- 
ing between  ganglion  cells.  * * * Another  objection  against  a 

direct  combination,  and  which  does  not  seem  to  have  been  thought  of 
by  a great  many  authors,  is  the  existence  of  unipolar  cells.” 


[*The  structure  and  combination  of  the  Histological  Elements  of  the  Cen- 
♦ tral  Nervous  System,  p.  816.] 
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Nansen  agrees  with  Golgi  in  identifying  two  kinds  of  processes, 
nervous  and  protoplasmic.  “ Of  nervous  processes  each  cell  (unipo- 
lar or  multipolar)  has  always  one  and  never  more;  the  nervous  pro- 
cesses are  always  directed  toward  the'  dotted  substance,  or  in  a few 
cases  pass  directly  into  the  peripheral  nerves.’’ 

The  results  of  such  a condition  as  this  are  evidently  realized  as 
revolutionary,  as  reference  is  made  to  the  observations  of  Fritsch.* 

Die  apolare  ganglion-cellen  haben  lange  genug  in  unserer  Lit- 
eratur  gespukt.”  “ Fine  wirklich  unipolare  Zelle  ist  fuer  den  Organ- 
ismus  nicht  viel  mehr  werth  als  eine  apolare  Zelle.”  To  this  the 
present  writers  fully  assent  and  furthermore  find  abundant  evidence  of 
the  existence  of  two  fully  developed  “nervous  processes”  in  very 
many  cells  connected  with  the  cranial  nerves  as  well  as  in  the  cortex 
and  feel  that  the  ganglion  cells  might  as  well  be  dismissed  from  the 
ranks  of  servitors  of  cerebral  function  if  deprived  of  all  members  but 
one.  How  the  function  of  inhibition,  for  example,  can  construe  with 
such  a condition,  does  not  appear. 

Nansen  proceeds  : “ When  a ganglion-cell  is  bipolar,  then  the 

processes  it  possesses,  besides  the  nervous  process,  are  protoplasmic 
processes.  These  protoplasmic  processes  are  not  directed  toward  the 
dotted  substance,  but  generally  have  a peripheral  direction  toward  the 
external  layers  of  the  central  nervous  system.”  “ Like  Prof.  Golgi, 
I,  believe  the  function  of  the  protoplasmic  processes  to  be  a nutritive 
one;  when  the  ganglion  cells  can  not  get  sufiicient  nourishment  in 
their  neighborhood,  they  have  to  send  processes  toward  the  periphery 
of  the  nervous  system.”  “ Having  elucidated  that  no  combination 
between  cells  can  be  produced  by  the  protoplasmic  process,  and  as  it 
is  very  improbable  that  any  combination  between  them  can  be  pro- 
ducejd  by  the  neuroglia,  I suppose  it  to  be  most  probable,  if  not  cer_ 
tain,  that  if  any  combination  upon  the  whole  exists  between  the  gang- 
lion cells,  then  this  combination  must  be  produced  by  the  nervous 
processes.  That  such  a combination  can  exist,  with  the  dotted  sub- 
stance as  a medium,  we  can  readily  understand  when  we  think  of  the 
course  of  the  nervous  processes.  There  may  be  drawn  a distinction 
between  tivo  types  of  ganoUon  cells  in  respect  to  the  course  of  their  ner- 
vous processes  ; viz : (:i)  :gaJ3glion  cells  with  nervous  processes  which 
directly  become  nerveTubds  and  thus  do  not  lose  their  individuality 
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though  they  have  no  isolated  course,  but  give  off  side-branches  to  the 
dotted  substance  ; (2)  ganglion  cells  with  nervous  processes  which  lose 
their  individuality  and  by  subdivisions  are  entirely  broken  up  into  slender 
branches,  losing  themselves  in  the  dotted  substance.” 

To  sum  up  all,  the  logical  result  of  Nansen’s  observations  could 
not  long  be  evaded,  and  he  boldly  announces  the  belief  that  all  gang- 
lion cells  are  merely  nutritive,  or  may  possibly  be  also  seats  of  memory 
apparently  regarding  those  functions  as  closely  allied ! All  really  ner- 
vous functions  proper,  on  the  other  hand  are  referred  to  the  “intri- 
cate web  or  plaiting  of  nerve-tubes  and  fiibrillse  in  the  dotted  sub- 
stance.” Perhaps  this  is  the  result  to  be  expected  from  two  implicit 
reliance  upon  the  method  of  metallic  impregnation. 

Without  spending  more  time  in  the  discussion  of  these  theoretical 
considerations  we  may  now  pass  to  the  study  of  our  sections,  and  in 
the  present  paper  confine  ourselves  to  the  description  of  observed 
structures,  reserving  their  discussion  for  a subsequent  occasion.  It, 
therefore,  what  follows  resembles  too  closely  a bare  description  of 
plates,  we  trust  it  may  serve  to  prepare  for  subsequent  comparisons. 

External  form  and  measurements. 

That  portion  of  the  brain  in  front  of  the  bridge  is  ob-pyriform,  the 
olfactory  lobes  corresponding  to  the  stalks  of  the  pear.  These  lobes 
protrude  9-10  mm.  beyond  the  hemispheres  and  are  attached  to  their 
crura  by  an  oblique  plane  looking  dorsad  and  caudad  as  well  as  laterad. 
The  crura  are  about  5 mm.  wide  at  the  attachment  and  widen  caudad 
to  become  continuous  with  the  pyriform  lobes  and,  from  hemispherical 
prominences,  sink  to  slight  elevations  whose  surface  is  excavated  by 
vessels  from  the  circle  of  Willis,  which  cross  transversely  about  13 
mm.  from  the  front.  Immediately  caudad  to  this  depression  the  pyri- 
form lobe  springs  ventrad  as  a strong  protuberance.  A well  defined 
white  band  on  the  ventro-lateral  exposure  of  the  crural  expansion  in- 
dicates the  position  of  one  of  the  external  olfactory  tracts,  which  passes 
parallel  to  the  rhinalis  fissure  and  plunges  into  the  pyriform  lobe  near 
the  middle  of  its  cephalad  portion.  A smaller  band  lies  nearer  the 
median  line.  The  greatest  ventral  projection  of  the  pyriform  lobe  is 
opposite  the  infundibulum  and  it  is  the  posterior  free  margin  of  the 
lobe  which  constitutes  the  hippocampus,  to  the  inversion  of  which  the 
protuberance  is  due.  The  chiasm  lies  about  10  mm.  back  of  the  ante- 
rior margin  of  the  hemispheres  and  there  seems  to  be  a small  band  of  the 
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chiasm  system  which  is  partly  distinct,  lying  partly  imbedded  in  the 
tuber  cinereum  and  crossing  directly.  Back  of  the  tuber  is  a well 
marked  trigonum  inter-pedunculare,  but  the  third  nerves  arise  from  the 
strongly  divergent  peduncles  near  their  median  margins. 

The  medulla  is  coffin-shaped  in  outline,  its  sides  consisting  of  a 
short  anterior  oblique,  a median  longitudinal,  and  a longer  posterior  ob- 
lique portion.  The  third  nerve  is  relatively  large  as  compared  with 
the  opossum,  being  ten  times  the  size  of  the  fourth  nerve,  and  arises 
from  a number  of  closely  united  roots. 

The  fourth  nerve  is  very  small  and  springs  from  the  very  lateral 
portion  of  the  valve  of  Vieussen’s,  thence  passing  to  Gasser’s  gang- 
lion. 

The  fifth  has  two  distinct  roots,  the  ventral  portion  being  a broad, 
flat  band  extending  nearly  horizontally  from  the  base  of  the  main  root, 
from  which  it  is  elsewhere  independent  until  merged  in  the  ganglion 
of  Gasser. 

The  main  root  is  ten  times  as  large  and  is  flattened  slightly  hori- 
zontally. 

The  sixth  nerve  consists  of  three  nearly  equal  roots  springing 
obliquely  from  the  posterior  margin  of  the  pons  and  along  the  lateral 
margin  of  the  ventral  median  tract  of  the  medulla,  which  here  is  very 
distinct. 

The  seventh  nerve  lies  in  the  same  antero-posterior  plane  as  the 
sixth  and  i mm.  caudad  to  the  fifth.  It  . is  a rather  large,  flat  band 
passing  directly  lateral,  its  fibres  entering  the  medulla  nearly  parallel 
to  the  surface. 

The  eighth  is  partly  covered  by  the  seventh  when  viewed  from 
below,  and  separates  imperfectly  at  first  into  its  two  branches.  Its 
tract  passes  superficially  dorsad  under  the  cerebellum  to  a prominent 
eminencia  acustica.  The  ninth  and  tenth  nerves  immediately  follow, 
but  differ  in  direction.  The  eleventh  can  be  traced  to  at  least  the 
third  cervical.  The  twelfth  arises  by  three  clusters,  increasing  in  size 
backward  and  springing  from  the  margin  of  the  medio-ventral  tract. 

As  compared  with  the  opossum,  the  brain  is  broad  and  compact, 
the  olfactory  lobes  are  relatively  small,  the  optic  chiasm  is  larger,  the 
pyriform  lobes  are  more  distinct  and  prominent,  the  rhinalis  fissure 
more  distinct,  and  the  pons  is  much  larger,  as  are  the  cranial  nerves. 
As  compared  with  the  rabbit  the  brain  is  more  massive  and  compact, 
but  otherwise  exhibits  only  minor  differences. 
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The  following  measurements  are  added  : 

Total  length,  5 cm.;  length  of  olfactory  lobes,  12  mm.;  front  of 
hemisphere  to  chiasm,  12  mm.;  to  posterior  third  nerve  root,  24  mm.; 
to  bridge,  26  mm.;  to  posterior  of  pons,  33  mm.  Total  width  of  cer- 
ebrum at  base,  32  mm.;  at  chiasm,  26  mm.;  distance  between  oppo- 
site sulci  rhinales  at  chiasm,  21  mm.;  space  between  opposite  pyriform 
lobes  at  nearest  point,  8 mm ; distance  between  fifth  nerve  roots,  lO' 
mm.;  distance  between  seventh  nerve  roots,  ii  mm.;  distance  be- 
tween sixth  nerve  roots,  5 mm.;  distance  between  eighth  nerve  roots,. 
12;^  mm.;  width  of  cerebellum  at  widest  part,  25  mm.;  width  of  cord 
at  base  of  medulla,  8 mm.;  width  of  medulla  near  lower  end,  13  mm.; 
from  anterior  of  bridge  to  first  spinal  nerve,  21  mm.;  from  anterior  of 
bridge  to  second  spinal  nerve.  25  mm.;  from  anterior  of  bridge  to 
third  spinal  nerve,  30  mm.;  median  length  of  hemispheres,  47  mm.; 
width  of  cerebellum  exclusive  of  vermiform,  22  mm. 

Structure  of  the  cord  and  medulla. 

The  cross  sections  of  the  cervical  region  of  the  cord  of  Arctomys 
show  the  relations  of  the  white  and  gray  matter  to  be  rather  primitive. 
The  minor  subdivision  of  some  of  the  longitudinal  columns  can  not 
be  determined  so  readily  as  in  higher  types. 

The  central  gray  matter  divides  the  cord  into  the  ventral,  lateral, 
and  dorsal  columns.  Fig.  i,  Plate  XITI,  taken  at  the  entrance  of  the 
second  cervical  dorsal  roots,  shows  the  relations  of  these  parts.  The 
ventral  column  is  rather  smaller  in  comparison  to  the  lateral  and  dor- 
sal columns.  It  receives  fibres  from  the  ventral  cornu,  a.,  and  from 
the  anterior  commissure,  b.  The  lateral  column  is  uniform  in  texture 
and  is  not  susceptible  to  a division  into  pyramidal  and  direct  cerebral 
tracts  by  any  markings  on  the  sections.  It  receives  a constant  supply 
of  fibres  from  the  whole  extent  of  the  ventral  column.  The  dorsal 
columns  show  a decided  difference  in  texture  in  different  parts  and  can 
be  easily  divided  into  the  dorsal  or  Burdach’s  columns,  dorsal  me- 
dian, or  Golfs  columns,  h. 

In  Golfs  columns  the  transverse  section  shows  but  a small  amount 
of  neuroglia  and  the  section  is  entirely  made  up  of  nerve  fibres,  as 
will  be  seen  from  Plate  XIII,  Fig.  7,  while  Fig.  6 of  the  same  plate 
shows  the  structure  of  Burdach’s  columns  and  the  lateral  and  ventral 
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columns  to  be  quite  different  in  having  much  larger  fibres  with  a con- 
siderable amount  of  surrounding  neuroglia. 

The  ventral  root-zone  is  represented  in  Plate  XIII,  Fig.  2,  and  is 
found  to  spread  out  over  the  greater  part  of  the  lateral  aspect  of  the 
cord.  The  ventral  root  does  not  leave  the  cord  as  a distinct  bundle, 
as  is  the  case  with  the  dorsal  root,  but  is  formed  from  an  extension  of 
the  fibres  from  the  whole  side  of  the  ventral  cornu,  which  radiate  to 
the  surface  of  the  cord  and  then  converge  to  the  ventral  root. 

The  dorsal  root  enters  as  a large  bundle.  Part  of  its  fibres  pass 
into  the  dorsal  root-zone  or  Burdach’s  columns  and  part  pass  directly 
into  the  dorsal  cornu  and  there  enter  the  cells. of  the  gray  matter,  while 
part  pass  directly  to  the  opposite  side  through  the  posterior  commis- 
sure. 

The  distribution  of  the  gray  matter  is  essentially  the  same  as  that 
of  the  rabbit.  The  ventral  cornu  is  rather  broad  but  very  short  and 
contains  two  groups  of  multipolar  cells.  One  median  group  (Plate 
XIII,  Fio.  I,  <2,  Fig.  3,  Fig.  4,  and  Fig.  8,)  is  situated  at  the  median 
angle  of  the  cornu,  having  cells  from  .015  to  .02  mm.  in  transverse 
diameter.  These  cells  send  off  processes  to  the  ventral  columns,  which 
eventually  pass  into  the  ventral  roots,  also  processes  which  seem  to 
pass  to  the  dorsal  cornu,  and  some  which  pass  through  the  ventral  com- 
missure to  the  opposite  side. 

The  other  cell  group  (Plate  XIII,  Fig.  4 c.  Fig.  9,)  is  situated 
external  to  the  first  and  forms  a lateral  nucleus  Tne  cells  resemble 
those  of  the  median  group  very  closely  and  send  their  processes  in  the 
same  directions. 

The  cells  of  the  gray  matter  of  the  dorsal  cornu  are  much  smaller 
than  those  of  the  ventral.  They  occur  in  greatest  numbers  in  the  cer- 
vix of  the  cornu  (Plate  XIII,  Fig.  i,  /^,  Fig.  2,  Fig.  4,  ^/,  Fig.  5.) 
These  cells  are  from  .005  to  .01  mm.  in  transverse  diameter  and  are 
multipolar  in  form.  The  processes  to  which  they  give  origin  follow 
the  direction  of  the  fibres  in  which  the  cells  are  imbedded,  but  whether 
they  are  simply  the  nodal  points  of  these  fibrqs  and  do  not  represent 
true  cells  may  be  questioned.  They  are  nucleated  and,  except  in  size, 
resemble  very  closely  the  motor  cells  of  the  anterior  cornu.  Besides 
these  distinct  cell  groups  there  are  also  numerous  cells  scattered 
rather  irregularly  throughout  the  gray  mass,  and  at  the  exits  of 
the  ventral  roots.  These  cells,  which  lie  lateral  to  the  central  canal, 
increase  greatly  in  number  and  size  and  appear  to  form  a large  nucleus 
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occupying  the  whole  ventral  cornu  and  middle  gray  portion.  (Plate 
XIII,  Fig.  4,  d.) 

Passing  cephalad  into  the  medulla,  in  a cross  section  taken  just 
caudad  to  the  decussation  of  the  motor  tracts  (Plate  XIV,  Fig.  i,)  the 
general  arrangement  of  the  gray  and  white  matter  is  quite  similar  to 
that  of  the  cord  in  the  cervical  region.  The  columns  of  Goll  are  very 
much  reduced  in  size,  being  compressed,  as  it  were,  by  the  decussa- 
tion of  the  motor  fibres  Md,  a little  further  cephalad,  form  the  funic- 
ulus gracilis.  :i 

The  dorsal  caput  cornu  is  much  enlarged  and  the  gray  matter 
extends  laterally  almost  to  the  surface.  The  gray  matter  is  everywhere 
filled  with  cells  of  the  multipolar  type,  which  are  scattered  almost  uni- 
formly through  the  substantia  gelatinosa  and  the  dorsal  cornu  especially 
is  charged  with  nutritive  corpuscles.  This  uniform  distribution  of  cells 
through  the  gray  matter  seems  to  accompany  the  reduction  in  the  num- 
ber included  in  the  various  nuclei.  The  nucleus  of  the  ventral  cornu 
(Plate  XIV,  Fig.  i,  is  still  quite  manifest,  but  the  second  group, 
which  lies  somewhat  lateral  to  the  first,  has  lost  its  identity  in  the  gen- 
eral distribution  of  cells. 

The  number  of  cells  present  in  the  median  nucleus  (Plate  XIV, 
Fig.  I,  d,)  seems  to  be  also  somewhat  reduced.  The  cells  which  were 
so  conspicuous  in  the  neck  of  the  dorsal  cornu,  (Plate  XIII,  Fig.  4, 
a,)  are  also  much  scattered,  while  a remnant  of  them  seems  to  persist 
though  crowded  more  dorsally, (Plate  XIV,  Fig.  i,  c.)  We  notice  also 
the  accumulation  of  a few  cells,  somewhat  external  and  lateral  to  the 
nucleus  of  the  ventral  cornu  which  is  the  beginning  of  a large  ventro- 
lateral nucleus  extending  cephalad,  (Plate-XIV,  Fig.  i,  c,  Fig.  5,  c.) 

The  expansion  of  the  gray  matter  seems  to  be  due  to  the  insertion 
of  a large  number  of  nerve  bundles  which  are  distributed  through  the 
gray  matter  and  run  longitudinally  in  the  medulla,  beginning  the  for- 
matio  reticularis  of  the  medulla  a little  further  cephalad.  In  the  sec- 
tion under  consideration  there  is  also  shown  the  exit  of  a small  bundle 
given  off  to  the  eleventh  nerve  root,  (Plate  XIV,  Fig',  i,  a.)  The  fibres 
seem  to  be  derived  from  the  generally  distributed  cells. 

Passing  a little  more  cephalad  in  a section  taken  at  about  the  first 
fourth  of  the  decussation,  (Plate  XIV,  Fig.  5,)  we  find  that  the  nucleus 
of  the  ventral  cornu  has  entirely  disappeared,  while  the  ventro  lateral 
nucleus  (Fig.  5,  c,)  is  much  enlarged  and  is  composed  of  cells  of  the 
multipolar  type,  measuring  from  .03  to  .05  mm.  in  diameter  (Plate 
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XIV,  Fig.  3.)  The  median  nucleus  {Fig.  5,  <5,)  still  continues,  and 
there  is  a gradual  separation  of  the  cells  of  the  nucleus  into  a dorsal 
and  ventral  group,  as  will  be  seen  by  reference  to  Fig.  6,  d,  and  e,  of 
the  same  plate.  The  remaining  portions  of  the  gray  matter  are  about 
as  in  the  previous  section.  At  about  the  middle  of  the  decussation 
we  find  that  the  median  nucleus  has  entirely  differentiated  into  two 
distinct  nuclei,  the  ventral  being  themaudad  extension  of  the  nucleus 
of  the  twelfth  nerve,  (Plate  XiVy;.?^/^.  4,)  and  the  dorsal,  the  nucleus 
of  the  eleventh  nerve.  The  •pyrafijiidal  tracts  in  decussating  and  pass- 
ing dorsad  are  divided  up  into  a great  many  fasciculi,  and  these  are 
thickly  interwoven  with  each  other  in  crossing  and  also  with  the  fibres 
of  the  gray  matter. 

The  surface  of  the  fasciculi  is  very  thickly  covered  with  nutri- 
tive corpuscles,  even  more  so  than  the  gray  matter  at  this  point.  The 
gray  matter  contains  many  longitudinal  bundles  which  are  seen  here 
in  cross  section  and  which  mark  the  first  appearance  of  the  formatio 
reticularis  ,of  the  medulla.  In  this  section  also  there  appears  for  the 
first  time  a small  ventral  cluster  of  cells,  (Plate  XIV,  Fig.  6,  a,)  which 
marks  the  beginning  of  the  olivary  body.  These  cells  are  rather  smaller 
than  those  in  any  nucleus-  previously  discussed,  measuring  about. 02 
mm.  in  diameter.  They  tend  to  be  bipolar  and  flask  shaped  in  form 
and  the  processes  start  more  abruptly  from  the  cell  body.  Plate  XIV, 
Fig.  2,  represents  this  entire  nucleus. 

It  may  be  noted  here  that  our  study  has  led  us  to  the  opinion  that 
most  of  the  so-called  flask -shaped  and  unipolar  cells  are  in  reality 
cells  of  the  bipolar  type  which  have  been  sectioned  obliquely  to  their 
axis.  This  will  account  for  the  fact  that  many  of  the  flask-shaped 
cells  are  non-nucleated.  We  do  not  mean  to  imply  that  there  are  no 
unipolar  cells,  for  those  do  in  some  cases  undoubtedly  exist,  but  that 
in  a nucleus  the  cells  all  tend  to  be  of  the  same  type  and  it  is  with 
doubt  that  we  accredit  the  presence  of  unipolar  cells  in  a multipolar 
nucleus. 

Passing  cephalad  from  this  level,  the  medulla,  enlarges  rapidly, 
the  C'Tialis  centralis  is  flexed  dorsad  and  rapidly  expands  into  the  fourth 
ve  Uricle.  There  is  an  aggregation  of  gray  matter  towards  the  median 
portions  and  on  the  floor  of  the  ventricle.  The  white  matter  is  limited 
to  a narrow  zone  around  the  lateral  and  ventral  surface  and  the  reticu- 
lar formation. 

In  a section  taken  at  the  level  of  the  twelfth  nerve,  (Plate  XV,^ 
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1 5)  the  fibres  of  the  twelfth  enter  on  the  ventral  surface  just  lat- 
eral to  the  pyramids,  pass  through  the  olivary  body,  which  attains 
its  maximum  development  at  this  point,  and  then  through  the  formatio 
reticularis  to  its  nucleus,  on  the  floor  of  the  fourth  ventricle.  The 
cells  of  this  nucleus  are  of  the  multipolar  type,  measuring  from  .05  to 
.06  mm.  in  length,  having  nuclei  about  .01  mm.  in  diameter,  with 
nucleoli.  The  axis  cylinder  process  generally  passes  into  a bundle  of 
fibres  leading  to  theTOOt  of  the  nerve.  I^ig.  5,  Plate  XV,  presents  a 
magnified  view  of  the  entire  nucleus  as  it  appears  at  this  point.  Just 
laterad  to  this  is  situated  the  nucleus  of  the  tenth  nerve  Plate  XV, 

I,  a,  and  a magnified  portion  of  the  same  J^ig.  2,  of  the  same 
plate.  The  cells  of  this  nucleus  are  somewhat  smaller  than  those  of 
the  twelfth,  though  of  about  the  same  number  and  form.  Just  laterad 
to  this  nucleus  is  a large  cluster  of  small  cells  which  is  evidently  very 
closely  associated  with  it. 

Still  laterad  we  find  a large  group  of  cells  which  may  be  divided 
into  two  nuclei.  The  lateral  one,  (Plate  XV,  J^ig.  i,  c,)  consti- 
tuting thQ  cim eat e nucleus,  contains  cells  measuring  about  .03  mm., 
imbedded  in  a very  dense  neuroglia  (Plate  XV,  jFig.  6,)  while  the  cells 
of  the  median  portion  are  very  much  smaller  and  are  more  numerous, 
constituting  the  davate  nucleus. 

The  formatio  reticularis  is  very  largely  developed  and  rather  abun- 
dantly provided  with  cells  which  are  of  the  multipolar  type,  measur- 
ing about  . 04  mm.  aud  sending  their  processes  in  the  general  direc- 
tions of  the  fibres  in  which  they  are  imbedded.  Plate  XIV,  Fig.  4, 
will  serve  to  illustrate  their  manner  of  distribution  between  the  longi- 
tudinal fasciculi  of  the  reticular  formation. 

There  is  a marked  decussation  of  fibres  in  the  lower  portion  of 
the  raphe  in  which  are  found  multipolar  cells  of  about  .02-. 03  mm., 
which  here  form  a considerable  nucleus,  (Plate  XV,  Fig.  i,  e,  and  a 
magnified  view  of  the  same,  Fig.  3,  of  the  same  plate.)  The  decus- 
sation is  of  fibres  from  the  olives,  while  large  bundles  appear  to  pass 
through  the  olives  and  thus  around  into  the  i'estifor7n  tracts.  A small 
lateral  nucleus  is  also  present. 

As  we  pass  cephalad,  in  a section  at  the  level  of  the  entrance  of 
the  tenth  nerve  root,  (Plate  XVI,  Fig.  i,)  we  find  the  nucleus  of  the 
twelfth  nerve,  c,  still  represented  on  the  floor  of  the  ventricle  and  the 
nucleus  of  the  tenth,  very  closely  associated  with  it.  The  olives 
are  much  reduced  in  size,  the  nucleus  of  the  raphe  in  the  decussation 
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not  so  largely  charged  with  cells,  the  cuneate  and  clavate  nuclei  have 
disappeared,  the  lateral  nucleus  is  still  present,  while  the  cells  of  the 
formatio  reticularis  are  much  more  abundant  and  indicate  the  begin- 
ning of  a large  median  nucleus  which  is  quite  conspicuous  in  the  next 
section,  (Plate  XVI,  Fig.  2,  e.)  This  section  is  taken  still  farther  cepha- 
lad  and  is  chosen  at  the  entrance  of  a few  fibres  of  the  ninth  nerve  root, 
{Fig.  2,  Plate  IX.)  MDst  of  the  fibres  of  this  nerve  turn  soon  after 
entering  the  medulla  and  pass  into  the  longitudinal  fasciculi;  some, 
however,  seem  to  lead  direcdy  into  a small  nucleus,  a,  which  we  term 
a nucleus  of  the  ninth  nerve.  At  this  level  we  find  the  cells  of  the 
lateral  nucleus  increasing  in  number  and  size  and  forming  quite  a large 
aggregate  which  can  easily  be  traced  as  the  caudad  extension  of  the 
seventh  nerve  nucleus.  We  have  in  this  section  also  the  first  few 
fibres  of  the  eighth  nerve  passing  in  above  the  restiform  body  to  a 
large  mass  of  gray  matter  densely  packed  with  small  cells,  which  we 
shall  term  the  internal  nucleus  of  the  eighth  nerve. 

The  next  section  is  taken  at  about  the  level  of  the  middle  of  the 
entrance  of  the  eighth  nerve  and  at  the  union  of  the  cerebellum  with 
the  medulla  by  the  pedunciilus  cerchelli.,  (Plate  XVI,  Fig.  3.)  The 
eighth  nerve  enters  as  a large  bundle,  f,  and  just  within  the  border  of 
the  medulla  is  located  the  nucleus  of  the  root  of  the  eighth  nerve,  c, 
composed  mostly  of  rather  small  cells. 

Following  the  fibres  as  they  pass  into  the  medulla  we  find  that 
some  of  them  pass  dorsad  to  the  restiform  body,  y,  and  enter  Deiter’s 
nucleus,  b,  in  the  peduncle  of  the  cerebellum  and  some  turn  directly 
into  the  cerebellum.  Of  those  fibres  which  pass  ventrad  to  the  resti- 
form body,  part  turn  dorsad  and  enter  Deiter’s  nucleus  from  below  and 
perhaps  pass  through  the  nucleus  into  the  cerebellum. 

The  remaining  fibres  pass  through  a reticular  formation  and  enter 
the  internal  eighth  nucleus  which  is  on  the  floor  of  the  fourth  ventricle 
at  d.  Fig.  3,  Plate  XVI.  The  cells  of  Deiter’s  nucleus  are  of  the  or- 
dinary multipolar  type,  measuring  about  .05  mm.  in  length.  The  en- 
trance of  the  eighth  root  is  also  shown  on  Plate  XVI,  Fig.  6,  as  is 
seen  in  a longitudinal  section  taken  parallel  to  the  base  of  the  medulla. 
As  most  of  the  fibres  pass  dorsad  upon  entering  the  medulla  the  only 
nucleus  of  the  eighth  shown  at  the  level  of  the  entrance  is  the  nucleus 
of  the  root,  b.,  of  the  figure. 

Besides  the  nucleus  of  the  raphe  and  adjacent  formatio  reticularis, 
e,  of  the  section,  (Plate  XVI,  Fig.  i,)  the  only  other  group  of  cells 
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which  we  will  consider,  is  the  large  nucleus  of  the  seventh  nerve  seen 
at  a.  This  nucleus  occupies  a ventro-lateral  position  and  is  quite  large 
with  fibres  passing  from  the  cells  collected  into  definite  fasciculi, 
which  pass  dorso-cephalad  almost  to  the  floor  of  the  ventricle  where 
they  are  united  into  two  or  three  large,  bundles  and  turn  upon  them- 
selves, forming  the  knee  of  the  seventh  nerve,  seen  in  cross  section, 
(Plate  XVII,  Fig.  i,  /,  and  Fig  2,  b.)  The  cells  of  this  nucleus  are 
of  the  multipolar  type,  with  numerous  processes  and  large  nuclei. 
They  measure  about  .07  mm.  in  length  with  nucleus  .01  mm.  in  diame- 
ter. A magnified  view  of  a small  portion  of  the  nucleus  is  shown  by 
Fig.  4,  Plate  XVL  Fig.  6,  of  same  plate  shows  at  e,  the  position  of 
the  large  fascicle  of  the  seventh  seen  in  cross  section. 

Before  leaving  the  eighth  root,  it  is  well  to  examine  one  more  sec- 
tion taken  farther  towards  the  cephalad  margin  of  the  root.  Plate 
XVII I,  Fig,  I,  at  represents  the  entrance  of  the  fibres,  with  the 
root  nucleus  at  b.  In  this  section  the  restiform  body  has  passed  into 
the  cerebellum  to  the  vermiform  process  (Ranney),  and  the  fibres  of  the 
eighth  kre  not  here  divided,  but  pass  directly  into  Deiter’s  nucleus  and 
upwards  into  the  cerebellum,  while  the  internal  nucleus  is  reduced  to 
a very  small  cluster  of  small  cells.  That  fibres  of  the  eighth  pass  into 
the  cerebellum  is  without  question.  We  observe  also  at  this  level  the 
nucleus  of  the  sixth  at  d,  and  the  forward  .extension  of  the  olivary  body 
at  e.  , The  formatio  reticularis  comprises  the  largest  part  of  the  section. 

Examining  a section  at  the  level  of  the  entrance  of  the  seventh, 
(Plate  XVII,  Fig.  2,)  we  are  able  to  trace  the  large  bundle  of  the  sev- 
enth, through  the  formatio  reticularis  above  and  medianiy  to  the  nu- 
cleus of  the  sixth,  to  its  flexure  or  genu.  In  the  same  manner  the 
path  of  the  fibres  of  the  sixth  nerve  are  easily  traced  to  their  nucleus, 
on  the  floor  of  the  ventricle.  The  cells  of  this  nucleus  are  about 
.05  mm.  in  length  and  have  their  axes  in  the  direction  of  the  entrance 
of  the  fibres  into  the  nucleus.  (Plate  XVII,  Fig.  5.)  The  olivary 
body,  e,  is  also  present  in  this  section  as  a nucleus  on  the  ventral  side 
of  the.  medulla,  its  cells  measure  about  .02  mm.  and  have  numerous 
processes  which  start  abruptly  from  the  cell,  thus  giving  them  an  even 
outline  in  appearance  under  a low  power  There  is  a very  evident 
decussation  with  its  fellow  of  the  opposite  side.  Fig.  2,  Plate  XVIII, 
gives  a magnified  view  of  these  cells. 

The  next  section  considered  is  taken  at  the  level  of  the  caudad 
margin  of  the  fifth  root,  (Plate  XVIII,  Fig.  5.)  The  scale  upon  which 
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this  figure  is  drawn  is  a little  smaller  than  the  previous  figures  of  the 
medulla  in  order  to  represent  the  full  section  and  show  the  relation  of 
the  cerebellum  to  the  medulla  at  this  point. 

The  entrance  of  the  fifth  nerve,  a,  is  shown  in  quite  a number  of 
sections  of  the  series  as  the  diameter  of  the  root  is  so  great,  but  we 
here  consider  only  two  of  this  number.  The  one  under  present  con- 
sideration shows  the  fibres  of  the  fifth  nerve  passing  to  a large  motor 
nucleus,  b,  and  to  a sensory  nucleus,  c,  also  fibres  passing  to  the  gray 
mass  on  the  floor  of  the  ventricle.  The  motor  nucleus  is  charged  with 
very  large  multipolar  cells  with  numerous  processes  and  large  nuclei. 
For  form  and  size,  compare  scale  on  Plate  XVIII,  Fig.  4. 

Passing  to  the  next  section  (Plate  XVIII,  Fig.  i,)  taken  at  the 
middle  of  the  fifth  root,  we  find  about  the  same  distribution  of  fibres 
and  nuclei.  In  no  case  are  fibres  of  the  fifth  nerve  traceable  to  the 
cerebellum  directly.  The  beginning  of  the  large  nucleus  of  the  pons, 
dj  also  appears  in  this  section. 

Fig.  6,  Plate  XVIII,  presents  a longitudinal  vertical  section  of  the 
medulla  and  cerebellum,  showing  the  entrance  of  the  fifth  nerve,  a, 
and  the  eighth  nerve,  c,  with  its  root  nucleus,  d.  In  the  longitudinal 
basal  section  of  the  medulla  at  the  level  of  the  eighth  nerve  (Plate 
XVI,  Fig.  6,)  the  entrance  of  the  fifth  nerve,/,  is  also  seen  with  a 
large  bundle  of  fibres  extending  caudad  and  some  turning  to  a nucleus 
(probably  motor)  at  d. 

At  the  entrance  of  the  fourth  nerve,  in  the  section  taken  on  a 
level  with  the  valve  of  Vieussens,  the  fibres  of  the  fourth  enter  and 
decussate  with  those  of  the  opposite  side,  and  then  pass  ventrad  and 
cephalad  to  their  nucleus.  The  nucleus  of  the  pons,  a,  is  very  large 
and  almost  entirely  surrounds  the  pyramidal  tract,  g.  The  cells  of  this 
nucleus  measure  about  .02-. 03  mm.  and  are  imbedded  in  a dense  neu- 
roglia, their  processes  are  short  and  the  cells  under  a low  power  have 
a quite  regular  outline  and  bear  a striking . resemblance  to  the  cells 
clustered  in  the  central  gray  mass  bordering  the  aqueduct  of  Sylvius, 
as  will  be  seen  by  comparing  Figs.  4 and  5,  of  Plate  XVIII,  taken 
from  the  two  regions.  There  appears  to  be  another  aggregate  of 
cells  in  the  central  gray  mass  at  c,  the  cells  of  which  are  quite  small, 
flask-shaped,  and  bipolar,  mostly  measuring  about  .01  mm.  The  raphe 
and  the  formatio  reticularis  are  here  highly  charged  with  cells  and  pre- 
sent the  appearance  of  one  large  nucleus. 

Horizontal  sections,  including  the  anterior  portion  of  the  medulla 
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and  the  entire  higher  portions,  afford  opportunity  to  trace  the  connec- 
tions of  the  structures  already  described  with  the  cerebral  ganglia. 

Nuclei  and  tracts  of  the  higher  portion  of  the  medulla  and  crural 
reg[ion,  as  seen  in  hor  izontal  sections. 

The  bladder  cells  of  the  dorsal  root  of  the  trigeminus.  These  remark- 
able cells  have  already  been  referred  fo.  They  seem  to  have  been  first 
recognized  by  Stilling,  who  regarded  them  as  forming  an  accessory 
nucleus  of  the  fourth  nerve,  in  whose  tract  they  nearly  lie.  Stieda 
(Zeitschrift  f.  wiss.  Zoologie,  Band  XX,)  falls  into  a worse  error,  re- 
garding these  cells  as  the  true  nucleus  of  the  fourth,  and  failing  to 
discover  the  tract  extending  from  the  root  cephalad,  {^Loc  cit.  Plate 
XX,  Fig,  44.)  Stieda’s  drawing  is  exceedingly  conventional,  so  far  as 
concerns  cells  and  nuclei. 

Meynert  (Striker’s  Histology,  Am.  Ed.,  p.  705,)  describes  the 
cells  in  question  as  follows  : 

“The  cells  from  which  spring  the  above  mentioned  roots  of  the 
fifth  pair,  differ  strikingly,  in  regard  to  their  shape,  from  the  cells  in 
the  common  nucleus  of  the  oculo-motor  and  trochlearis.  The  former 
are  inflated,  bladder  like,  and  furnished  with  but  few  and  slender  pro- 
cesses, which  project  abruptly  from  the  cells  like  a straw  from  a soap 
bubble.  The  latter  are  large,  like  the  former,  but  slender,  and  rich  in 
processes  whose  calibre  passes  by  gradual  transition  into  that  of  the 
cells.  The  former  resemble  the  cells  of  the  spinal  ganglia,  the  latter 
those  of  the  anterior  cornua  of  the  spinal  cord.” 

“ Even  within  the  limits  of  the  upper  corpora  bigemina,  tbe  cen- 
tral tubular  gray  matter  encloses  the  nuclei  which  give  rise  to  the  motor 
nerve  roots  referred  to  (oculo  motor,  etc.),  which  lie  more  or  less  near 
the  median  line ; also  a laterally  disposed  sensory  nerve  tract,  the  roots 
of  the  fifth  cranial  nerve.  The  fibres  composing  these  roots  originate 
at  the  outermost  border  of  the  gray  matter  which  surrounds  the  aque- 
duct of  Sylvius  in  small  collections  of  large  bladder-shaped  cells  60 
micr.  in  length  and  45-50  micr.  in  breadth.” 

In  Arctornys  the  disparity  in  size  between  the  cells  of  the  nuclei 
of  the  fourth  nerve  and  these  bladder  cells  forbids  comparison,  other- 
wise the  remarks  quoted  apply  substantially.  The  deduction  which 
Meynert  attempts  to  draw  regarding  the  relative  position  of  sensory 
and  motor  nuclei  in  the  medulla  seems  forced  in  this  case,  being  based 
on  the  pure  assumption  that  these  cells  are  sensory,  while  the  differ- 
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ences  between  any  known  sensory  cells  and  those  in  question  are  cer- 
tainly as  striking  as  their  resemblance. 

Similar  cells  have  been  described  by  Belonci,  in  birds,  Stieda  in 
the  turtle,  and  Herrick,  in  the  alligator.  As  a matter  of  fact,  no  sub- 
stantial basis  exists  for  determining  the  function  of  these  cells.  Their 
similarity  to  Purkinje’s  cells  of  the  cerebellum  gives  some  force  to  the 
suggestion  that  there  may  be  similarity  in  function  if  not  in  origin, 
though  the  resemblance  is  still  greater  to  the  cells  of  the  ganglion  of 
Gasser. 

These  bladder  cells  are  especially  well  seen  in  the  horizontal  sec- 
tions passing  through  the  nuclei  of  the  third  and  fourth  cranial  nerves. 
(Plate  XIX,  Fig.  2,  Be.  Be',  Fig.  4,  b.) 

These  cells  are  .05-.  07  mm,  in  diameter  and  of  a baloon  or  flask 
shape  or  polyhedral.  The  processes  are  few.  and  abrupt,  and  give  rise 
to  a very  large  fibre.  Such  cells  are  first  encountered  in  the  base  of 
the  tectum  opticum,  near  the  highest  part  of  the  nates  and  are  sparsely 
scattered  in  the  tract  which  passes  in  a gentle  curve  lat^rad  and  caudad 
and  at  the  same  time,  somewhat  ventrad,  to  form  a disperse  tract  about 
the  aqueduct  and  thence  caudad  to  the  anterior  part  of  the  fourth 
ventricle.  Here  the  cells  are  most  numerous  and  lie  peripheral  to  the 
strong  motor  nucleus  of  the  fifth,  which  lies  near  the  ventricle.  Al- 
though the  two  sorts  of  cells  commingle  in  places,  there  is  never  any 
difficulty  in  distinguishing  them.  The  general  relation  is  always  that 
described.  The  tract  can  be  traced  laterad  and  ventrad  and  the  nu- 
cleus itself  describes  a strong  lateral  curve  at  the  point  of  departure  of 
the  root  tract,  while  scattered  cells  of  this  type  can  be  traced  to  the 
point  where  the  fibres  are  lost  in  the  common  root  of  the  fifth. 

Moto7'  niielei  of  the  trigeminus.  The  cephalad  portion  of  the  tri- 
geminal motor  system  is  quite  complicated.  The  highest  recognizable 
portion  is  the  elongate  cluster  bordering  the  caudad  portion  of  the 
aqueduct  and  the  cephalad  part  of  the  fourth  ventricle.  The  cells  are 
figured,  (Plate  XIX,  Fig.  4,  a,)  and  are  of  the  usual  motor  type, 
measuring  .05-.  06  mm.  in  length,  by  .02-.025  mm.  in  width.  The 
prevailing  direction  of  the  principal  processes  is  caudad,  i.  e.  toward 
the  root,  the  opposite  extremity  being  multipolar. 

A second  nucleus  lies  ventro  laterad  from  this  one  and  appears  in 
horizontal  sections  through  the  highest  portion  of  the  root  of  the  fifth. 
It  lies  nearly  opposite  the  caudad  part  of  the  pre  pedunculus  cerebelli 
and  is  of  circular  outline  and  about  fifty  cells  lie  in  one  horizontal 
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plane  of  its  middle  portion.  The  cells  are  fine  examples  of  the  mul- 
tipolar type. 

This  nucleus  does  not  extend  dorsad  to  the  level  of  the  sixth  nu- 
cleus, which  is  a relatively  broad  zone  with  little  dorso- ventral  extent. 
The  cells  of  the  sixth  nucleus  lie  with  their  axis  from  the  median 
toward  the  lateral  line  and  their  fibres  evidently  decussate. 

The  same  horizontal  section  (VII  6-19)  displaying  the  nucleus  of 
the  sixth  shows  the  knee  of  the  seventh,  lying  between  it  and  the 
median  line  and  enveloping  it  anteriorly  and  posteriorly,  as  already 
described. 

Scattered  cells,  apparently  of  the  trigeminal  system,  lie  dorsad 
to  the  structures  just  described. 

Ventrally,  the  ventral  nucleus  of  the  fifth  divides  into  two  ill  de- 
fined clusters,  the  medio-caudad  portion  being  approximated  to  the 
root  tract  of  the  seventh,  which  latter  subdivides  into  a larger  cepha- 
lad  and  smaller  caudad  portion. 

Nucleus  of  the  pons.  The  whole  ventral  part  of  the  pons  is  filled 
with  cells,  which  here  and  there  collect  into  considerable  and  distinct 
nuclei.  The  cells  are  relatively  short  and  paraxial  with  numerous  pro- 
cesses, the  largest  of  which  pass  transversely,  i.  e.  in  the  direction  of 
the  pons  fibres.  These  cells  are  comparatively  small,  but  their  nuclei 
preserve  a good  size,  thus:  cells  .030-. 035  in.  diameter,  nuclei  .008 
mm.  The  fibres  can  be  traced  from  cells  of  the  caudad  portion  of 
the  nucleus  laterad  and  caudad  for  considerable  distances  to  the  root 
of  the  fifth.'  (Plate  XIX,  Fig  3.) 

The  sections  at  the  level  of  the  motor  nucleus  of  the  seventh 
show  that  a part  of  the  anterior  portion  of  the  pons  nucleus  is  cut  off 
by  the  passage  of  the  latero-ventral  strands  of  the  pyramids  and  lie 
between  those  bundles  and  the  pre-peduncular  tract  from  the  cerebellum.  1 
Fibres  from  the  cluster  in  question  pass  to  unite  with  a nucleus  of  sim- 
ilar cells  at  the  immediate  roots  of  the  fifth. 

The  seventh  nucleus,  as  seen  in  horizontal  sections  at  the  level  of 
the  emergence  of  its  root  is  divided  into  three  portions  lying  parallel 
to  the  median  line.  The  cells  are  beautiful  illustrations  of  the  multipo- 
lar variety  (Plate  XIX,  Fig.  5,)  and  afford  ample  suggestion,  if  not 
proof  that  the  fibrillar  terminations  of  the  processes  described  by 
authors  are  due  to  the  disposition  of  connective  tissue  web  in  which 
they  hang. 

The  Cerebellum.  Before  adverting  to  the  few  observations  we 
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have  made  upon  the  cerebellum  it  may  be  proper  to  enumerate  some 
of  the  results  of  the  late  investigations  of  Golgi  (Sulla  fina  anatomia 
degli  organ!  central!  del  sistema  nervosa,  1886,)  of  Ramon  y Cajal 
(Revista  trimestrial  de  Histologia  normal  y patologica,  Aug.,  1888,) 
and,  more  recently,  of  Prof.  Koelliker,  which  seem  not  to  have  attract- 
ed the  attention  they  deserve  in  America. 

It  remains  to  be  seen  how  far  the  metallic  impregnation  upon 
which  Golgi’s  method  rests,  develops  normal  structures  and  how  far  it 
may  be  relied  on  to  differentiate  solely  nervous  tissues.  Really  suc- 
cessful hsematoxylin  and  cochineal  stains  will  reveal  most  of  the  de- 
tails, though  less  conspicuously,  and  are  not  open  to  the  objection  that 
the  stain  may  be  a more  or  less  mechanical  precipitate  rather  than  a 
truly  selective  stain. 

Golgi’s  chief  discoveries  are  the  following:  The  Purkinje’s  cells 
have  two  sorts  of  processes,  the  peripheral  protoplasmic  processes, 
which  subdivide  almost  indefinitely,  but  do  not  terminate  in  nerve 
fibres  or  a nervous  reticulum,  and  a median  axis- cylinder  process,  which 
is  occasionally  furnished  with  lateral  branches. 

In  spite  of  the  numerous  subdivisions  of  the  process,  anastamosis 
is  said  never  to  take  place  between  different  cells.  The  Purkinje’s 
cells  lie  between  the  outer  or  molecular  zone  and  the  deeper  or  granu- 
lar zone. 

In  the  former  layer  Golgi  recognized  small  cells  of  variable  form 
with  both  branching  and  axis-cylinder  processes,  which  latter  also  sub- 
divide but  do  not  reveal  their  ultimate  course. 

In  the  granular  layer  Golgi  found  small  nerve  cells  with  a delicate 
axis-cylinder  process  and  short  and  few  protoplasmic  processes 
extending  to  granular  aggregates.  There  are  also,  still  more  rarely, 
larger  cells  of  a fusiform  shape  and  very  numerous  branches  of  the 
axis-cylinder. 

Golgi  claims  that  the  medullated  nerve  fibers  in  the  white  layer, 
and  especially  in  the  granular  and  molecular  layers,  anastamose  largely. 
This  latter  fact  is  not  substantiated  by  Cajal,  who,  moreover,  consid- 
ers the  axis-cylinder  of  the  granular  cells,  and  of  the  small  cells  of  the 
molecular  layer  as  well  as  those  of  the  larger  cells  of  the  granular  layer 
as  non-medullated. 

Koelhker  summarizes  his  own  observations  in  the  following  aphor- 
isms : 

“All  free,  non-medullated  processes  of  nerve-fibres  are,  in  my 
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opinion,  undoubtedly  to  be  regarded  as  centrifugal.  All  medullated 
fibres  springing  from  cells  are  centrifugal.  Branching  protoplasmic 
processes  of  cells  are  perhaps  centripetal,  while  the  so  called  nervous 
processes  of  these,  even  where  non-meduUated,  may  be  centrifugal.” 

(i.)  The  granular  layer  contains,  besides  scattered  ganglion- cells, 
innumerable  multipolar  nerve  cells,  both  larger  and  smaller. 

(2.)  The  very  numerous  small  granular  cells  have  only  short 
protoplasmic  processes  terminating  at  the  end  in  a brush.  The  very 
delicate  nervous  process  usually  springs  from  one  of  the  protoplasmic 
processes  and  passes  vertically  into  the  molecular  layer,  where  it  di- 
vides into  two  unbranched  fine  fibres  running  horizontally  and  longi- 
tudinally. 

(3.)  The  large  granular  cells  are  less  numerous  and  their  densely 
branched  fibres  may  penetrate  deep  into  the  white  zone.  The  nervous 
process  is  abundantly  branched  in  a small  area  and  seems  not  to  pass 
beyond  the  granular  layer. 

(4.)  Purkinje’s  cells  do  not  anastamose.  The  nervous  process 
has  a few  fine  branches  ascending  to  the  molecular  layer. 

(5.)  The  small  cells  of  the  molecular  layer  are  separable  into 
outer  smaller  cells  and  the  inner  or  basket  cells,  The  former  are  pro- 
vided with  strongly  branched  protoplasmic  processes  and  a nervous 
process,  the  course  of  which  is  not  yet  known. 

The  basket  cells  have  long,  strongly  branched  protoplasmic  pro- 
cesses, which  may  extend  to  the  outer  edge  of  the  molecular  layer. 
The  nerve  processes  very  long  and  passes  transversely  over  the  bodies 
of  the  Purkinje’s  cells  and  here  and  there  sends  downward  perpendic- 
ular processes  which  subdivide  and  envelop  the  body  of  the  Purkinje’s 
cells  in  a basket-like  reticulum. 

(6.)  The  medullated  fibres  in  the  adult  cerebellum  do  not  divide, 
except  rarely  in  the  molecular  layer. 

(7)  The  results  of  Golgi’s  method  reveal  no  actual  anastamosis 
of  cells  and  does  not  suggest  any  ground  for  assuming  the  existence 
of  a nervous  reticulum. 

Our  own  work  has  been  too  superficial  to  justify  extended  criti- 
cism of  the  results  quoted,  but  we  venture  a few  suggestions 

ist.  Successful  hgematoxylin  staining  brings  out  the  nervous  ele- 
ments with  certainty  and  reasonable  clearness.  Golgi’s  method  is 
liable  to  introduce,  error,  in  that  the  staining  involves  connective  tissue 
elements  and  is  variable. 
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2d.  Our  preparations  show  with  perfect  clearness  in  Purkinje’s 
cells  a basal  process  and  one  or  more  strong  peripheral  processes, 
which  latter  seem  to  us  to  be  continuous  with  a system  of  transverse 
fibres  lying  in  the  molecular  layer.  The  molecular  layer  contains 
sparsely  scattered  Deiter’s  (“glia”)  cells  which  stain  deeply  with 
haematoxylin  and  cells  of  the  connective  tissue  system,  'which  include 
those  mentioned  by  Koelliker. 

3d.  The  fine  branching  processes  of  peripheral  and  basal  pro- 
cesses of  Purkinje’s  cells  are  probably  not  nervous. 

4th.  The  “basket  cells”  of  Koelliker  are  almost  certainly  of 
connective  tissue  character. 

5th  Haematoxylin  staining  brings  out  quite  evidently  the  large 
nerve  cells  of  the  granular  layer,  but  we  suspect  that  the  ramifications 
described  by  Koelliker  are,  in  this  case  also,  the  result  of  differentia- 
tion of  the  connective-tissue  frame  work  of  the  cell. 

6th.  Branching  of  the  nerve  fibres  of  the  white  central  layer  is 

rare. 

We  are  driven  to  reject  the  results  of  the  Golgi  method  from  the 
resemblance  of  the  structures  produced  to  those  constantly  encoun- 
tered and  demonstrably  the  result  of  the  intricate  meshwork  of  con- 
nective tissue  in  the  form  of  hollow  sheaths  enveloping  the  cells. 
Each  nerve  cell  is  loosely  enveloped  in  such  a sheath,  which  can  be 
separated  by  proper  treatment,  and  this  sheath  is  produced  in  numer- 
ous directions  into  tubular  or  conical  projections  which  may  branch 
and  ramify  extensively.  The  same  sheath  may  expand  in  a nodular 
manner  to  envelop  another  cell  or  embrace  a fibre  and  may  ultimately 
terminate  in  a number  of  brush-like  fibrils  attached  to  some  membrane 
or  fibrous  strand.  We  believe  this  explanation  is  competent  to  account 
for  many  of  the  complicated  structures  described  by  Golgi. 

In  the  great  majority  of  Purkinje’s  cells,  for  example,  we  can 
trace  a single  strong  process  (these  are  numerous  in  the  opossum),  per- 
ipherad  nearly  to  the  surface,  with  little  diminution  of  size,  and  perfect 
distinctness  and  with  no  lateral  branches  whatever.  Hundreds  of  such 
cases  are  before  us  where  a perfectly  distinct  uniform  branch  can  be 
followed  to  near  the  surface  and  another  of  smaller  diameter  medianly 
through  the  granular  layer.  The  nervous  protoplasm  in  the  cell  and 
in  both  fibres  is  colored  similarly. 

Furthermore,  no  rational  interpretation  of  the  structure  described 
by  Koelliker  seems  possible,  while  the  arrangement  we  observe  seems 
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to  coincide  with  the  physiological  requirements  of  the  organ.  The 
great  simplicity  of  these  cells  in  Arctomys  adapts  it  for  their  study. 
We  incline  to  accept  Beevor’s  suggestion  in  part,  i.  e.,  that  the  ascend- 
ing processes  of  Purkinje’s  cells  turn  at  right  angles  and  connect  with 
fibres  leading  to  the  brain 

The  Mesencephalon. 

We  preface  our  own  observations  with  Stieda’s  account  of  the 
corpora  quadrigemina  in  the  rabbit,  which  is  as  follows : 

“The  peduncular  region  has  the  following  nuclei.  Above  the 
united  pyramid  tracts  and  lower  longitudinal  bundles  is  a cell  group 
on  either  side,  each  of  which  consists  of  two  parts.  The  under  (ven- 
tral) portion  is  the  larger  and  contains  many  small  cells  (.012-.  16  mm  ) 
in  a granular  ground  mass;  the  upper,  smaller  portion  has  large  angu- 
lar cells  of  .14  mm.  diameter.  This  nucleus  may  be  called  Nucleus: 
peduncular  is.  On  the  lower  margin  of  the  central  gray,  thus  near  the 
floor  of  the  aqueduct,  is  the  oculomotor  nucleus  of  either  side.  It 
consists  of  cells  of  moderate  size  (.04  mm.)  and  angular  form.  Be- 
tween the  two  nuclei  and  near  the  floor  of  the  ventricle  are  numbers 
of  small  triangular  or  fusiform  cells.  The  fibres  from  the  oculomotor 
nucleus  are  very  numerous  and  pass  through  the  nucleus  peduncularis 
and  between  the  bundles  of  the  anterior  columns  to  their  roots.” 

“ The  central  gray  of  the  posterior  corpora  quadrigemina  is  lim- 
ited by  fibre  tracts.  Laterally  the  nucleus  of  the  trochlearis  is  mingled 
with  these  fibres.  [The  author’s  figures  are  here  derived  from  the  dog^ 
and  we  are  left  in  doubt  as  to  the  condition  in  the  rabbit,  though  he 
explicitly  states  in  a foot-note  elsewhere  that  he  introduces  references 
to  drawings  of  other  brains  that  are  described  only  where  they  are 
similar.]  The  nerve-fibres  of  the  corpora  quadrigemina  are  partly 
transverse,  which  decussate  in  small  bundles  above  the  aqueduct,  and 
partly  oblique  bundles.” 

“The  central  part  of  the  nates  is,  like  the  other  gray  matter,  com- 
posed of  small  nerve  cells  scattered  in  a granulate  mass,  but  the  super- 
ficial portion  exhibits  distinct  interstratification  of  a white  zone  parallel 
to  the  surface.  With  high  powers  an  outer  zone  devoid  of  cells,  may 
be  seen ; below  this  a zone  of  granulated  substance  with  scattered 
small  cells,  then  a layer  of  numerous  transversely  cut  bundles  of  fibres 
separated  by  gray  substance,  containing  stellate  nerve  cells  (.008-. 012 
mm.)  with  well-developed  processes.”, 


68 


BULLETIN  OF  THE  LABORATORIES 


“Then  follows  a layer  of  gray  matter,  with  associated  fibres.  Be- 
tween the  prominences  is  a considerable  commissure  of  fibres  which 
lose  themselves  among  the  longitudinal  fibres.” 

‘ ‘ The  fibres  on  the  surface  of  the  corpora  quadrigemina  I unhesi- 
tatingly regard  as  the  real  roots  of  the  optic  nerve.” 

(In  this  latter  statement  Steida  is  doubtless  mistaken.) 

The  sections  figured  on  Plate  VIII,  Figs,  i,  2,  and  3,  and  Plate 
IX,  Figs.  1-5,  will  convey  an  idea  of  the  changes  observed  in  success- 
ive sections. 

Fig.  I,  Plate  VIII,  indicates  the  structure  of  sections  at  the  pos- 
terior commissure.  The  nates  above  are  cut  near  the  anterior  (cephal- 
ad)  border.  They  are  at  this  point  receiving  fibres  from  the  latero- 
dorsal  optic  tract.  Some  fibres  associated  with  the  latter,  however, 
dip  downward  and  medianly  to  interdigitating  masses  of  gray  matter 
in  the  lateral  aspects  of  the  posterior  commissure.  Fig.  2,  c.  (See  Fig. 
7.)  Above  the  commissure  is  a protuberance  of  gray  matter,  looking 
toward  the  inter-natal  cleft,  which  resembles  the  nates  and  seems  to 
have  no  special  significance.  Below  the  commissure  are  masses  of 
gray  matter,  composed  of  small  cells  of  various  forms,  though  chiefly 
pyramidal,  with  long  processes,  which  in  position  as  nearly  resemble 
the  colliculi  as  any  structures  of  lower  vertebrates.  The  bundles  en- 
tering the  posterior  commissure  diverge  rapidly  and  arch  over  the  last 
mentioned  body,  soon  passing  caudad  out  of  the  section.  The  poste- 
rior commissure  seems  not  to  be  a true  commissure  but,  in  part  at 
least,  a decussation. 

In  the  median  line  below  the  aqueduct  there  is  a collection  of 
cells  (Fig.  9,)  of  the  fusiform  variety,  occupying  the  position  of  the 
raphe.  Beneath  the  optic  tract  is  a large  mass  of  gray  substance  (cor. 
pus  geniculatum  externum)  perforated  at  intervals  by  well-defined 
tracts,  which  externally  lead  obliquely  toward  the  periphery  and  medi. 
anly  dorsad.  The  cells  are  scattered  and  small,  but  very  acutely  an- 
gular and  of  a multipolar  variety.  A similar  body  (corpus  genicu- 
latum internum)  lies  below  it  and  only  separated  by  a tract  of  irregular 
fibres.  Its  .fibres  pass  cephalad  and  medianly.  Still  another  small 
but  rather  definite  nucleus  lies  in  the  latero-ventral  region  within  the 
longitudinal  ventral  bundle,  which  here  is  peripheral.  The  entire 
central  portion  (formatio  reticularis),  is  a reticulum  of  cells  and  fibres 
surrounding  longitudinal  disperse  fascicles.  A few  very  large  multi- 
polar cells  are  scattered  in  the  meshes  with  the  peculiar  radiating  con- 
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nective  tissue  fibrils  due  to  the  structure  just  described.  A bundle 
passing  from  above  nearly  parallel  to  the  median  line  and  obliquely 
caudad,  seems  to  be  Meynert’s  bundle,  as  seen  in  longitudinal  sections. 

Sections  caudad  (Fig.  4,)  indicate  the  rudiment  of  the  ventricle 
of  the  optic  lobes  so  prominent  in  reptilia,  etc.  The  fibre  tract  above 
this  may  be  distinguished  as  the  commissure  of  the  optic  lobes  or 
simply  optic  commissure. 

Sections  posterior  to  the  nates  and  therefore  passing  through  the  ' 
testes  near  their  base  and  nearly  parallel  to  the  base  are,  because  of  their 
position,  at  right  angles  to  the  nates. 

(Section  immediately  following  Fig.  5,  Plate  IX,  VI-^:-2  5.)  The 
outline  of  the  section  is  approximately  semi-circular,  the  upper  surface 
being  truncate.  The  aqueduct  which  lies  near  the  dorsal  aspect  is 
rhombic  with  the  angles  produced  in  the  horizontal  and  vertical  planes. 
The  bridge  is  abruptly  separated  from  the  peduncular  portion,  except 
ventrally,  where  its  fibres  separate  into  fascicles  inter-digitating  with 
each  other  and  leaving  intervals  which  are  filled  with  densely  nucleated 
gray  matter.  The  dorsal  half  of  the  section  is  composed  of  nearly 
homogeneous,  finely  nucleated  gray  matter,  in  which  are  no  well-lim- 
ited nuclei-portion  of  testes.  The  latero-dorsal  angles  are  occupied 
with  obscure  and  ill-defined  longitudinal  tracts.  The  lateral  aspects  of 
the  dorsal  half  are  occupied  by  arching  fibre  tracts  passing  ventrad 
which  seem  with  little  doubt  to  be  backward  continuation  of  fibres 
descending  from  the  nates.  The  tract  disappears  by  passing  caudad 
out  of  the  section  at  a point  dorsad  to  a well-defined  nucleus  lying  just 
laterad  to  the  ventral  pyramids,  which  latter  here  form  strong  bundles 
with  oval  sections.  The  nucleus  just  mentioned  (pons  nucleus,)  is 
similar  to  the  gray  matter  filling  the  interspaces  between  the  pons 
fascicles. 

Upon  the  dorsal  aspect  of  the  ventral  pyramids  is  another  small 
nucleus,  having  a narrow  encircling  band  of  gray,  with  the  longer 
axes  of  the  cells  parallel  to  the  plane  of  section  and  at  right  angles  to 
the  fibres. 

Above  this  nucleus  is  a small  circular  cluster  on  either  side  near 
the  median  line,  consisting  of  larger  multipolar  cells.  Still  dorsad  and 
in  the  ventral  aspect  of  the  dorsal  longitudinal  fascicle,  is  a larger  nu- 
cleus on  either  side,  likewise  circular  in  outline  and  densely  packed 
with  cells  of  median  size  and  irregular  contours.  The  area  imme- 
diately surrounding  the  aqueduct  is  homogeneous  and  sparsely  sprink- 
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-led  with  small  cells,  except  along  the  raphe,  where  is  the  usual  nucleus, 
and  a short  distance  on  either  side,  where  a disperse  nucleus  in  the 
position  of  the  fourth  still  remains.  In  the  lateral  parts  of  the  area  about 
the  aqueduct  are  a few  of  the  large,  nearly  spherical  or  polygonal  cells. 
c(“  Bladder  cells  ” ol  descending  tract  of  the  fifth. ) The  tracts  of  the 
fourth  nerve  appear  as  two  or  three  transversely  cut  bundles  at  some 
•distance  laterad  of  the  aqueduct.  The  dorsal  longitudinal  fasciculus 
lies  about  one  fifth  the  way  from  the  aqueduct  to  the  ventral  surface 
and  its  lateral  portions  curve  ventrad  to  almost  unite  with  the  ventral 
tract. 

Passing  cephalad  a short  distance,  the  nucleus  of  the  fourth  nerve 
■•appears  immediately  dorsad  to  the  dorsal  longitudinal  fascicle.  It 
consists  here  of  very  irregular  polygonal,  multipolar  cells  measuring 
about  .027  mm.,  while  the  nucleus  of  the  raphe  consists  of  a dense 
aggregate  of  fusiform  elements  immediately  ventrad  to  the  aqueduct, 
which  at  this  point  is  a transverse  slit.  The  dorso-lateral  tract  now 
forms  a conspicuous  prominence  ventrad  to  the  nates  fissure.  The 
nates  posteriorly  exhibit  a conspicuous  radiating  structure  of -th.e  cortex 
which  appearance  is  heightened  by  the  very  numerous  blood  vessels 
which  jyass  toward  the  centre  in  a direction  parallel  to  that  of  the  nerve 
•chains.  Medianly,  sections  (VI  c-20)  display  a number  of  fibre  tracts 
in  section,  which  are  doubtless  continued  from  the  optic  tract  and  enter 
obliquely  from  the  antero-median  aspect.  Proceeding  cephalad  these 
bundles  increase  in  number. 

A comparison  of  the  nates  with  the  optic  lobes  of  lower  animals 
reveals  what  at  first  seems  a fundamental  difference.  While  in  rep- 
tiles and  birds  the  fibres  of  the  optic  tracts  pass  directly  to  the  j.eriph- 
ery  of  the  tectum  opticum,  in  mammals  these  fibres  appear  to  pass  into 
the  deeper  portions.  In  reptiles  pretty  definite  chains  can  be  traced 
from  periphery  to  base  of  the  tectum  with  insulating,  columnar  con- 
nective-tissue apparatus  which  forcibly  suggests  the  arrangement  in  the 
retina.  Nothing  of  this  sort  distinctly  appears  in  the  mammalian  nates. 
The  reptilian  tectum  is  characterized  by  the  presence  of  a few  scattered 
cells  of  great  size  which  resemble  greatly  Purkinje’s  cells  of  the  cere- 
bellum and  are  especially  abundant  in  the  deeper  layers  of  the  interval 
between  the  two  tecti.  Such  cells  have  not  been  carefully  described 
in  mammals,  hitherto,  to  our  knowledge,  though  figured  by  Bellonci 
in  birds  and  by  Herrick  in  the  alligator,  and  discovered  in  great  abun- 
dance in  the  same  partion  of  the  brain  of  the  turtle,  by  Coppock.  In 
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the  opossum,  one  of  us  has  found  these  cells  widely  distributed  through 
the  corpora  quadrigemina  and  thalamus  about  the  roof  of  the  third 
ventricle  and  aqueduct,  as  well  as  the  tectum  opticum.  We  have 
thought  these  cells  indicative  of  a low  or  primitive  condition,  especial- 
ly as  these  cells  seem  iti.  Didelphy  to  be  devoid  of  processes.  There 
seems  to  be  no  doubt  that  the  cells  of  this  sort  lying  behind  the  roots 
of  the  fourth  nerve  constitute  a nucleus  of  the  fifth,  and  the  connection 
of  these  cells  with  the  entirely  similar  cells  of  the  tectum  opticum  is 
clearly  suggested  by  the  course  of  the  fibres  as  already  pointed  out 
What. the  reason  for  the  dispersion  of  these  cells  so  irregularly  through 
the  higher  regions  may  be  cannot  be  determined,  nor  yet  the  definite 
connections  e:5cisting  between  these  large  cells  and  the  adjacent  struc 
tures.  See  Fig.  3,  Plate  IX,  where  such  cells  should  be  indicated  in 
the  outer  lateral  border  of  the  gray  matter  surrounding  the  aqueduct. 
(See  Osborn,  Journ.  Morph.,  Vol.  II.) 

Horizontal  sections  through  the  mesencephalon^  etc. 

The  lowest  (most* ventrad)  sections  passing  through  the  pars  ped- 
iincularis  exhibit  the  lateral  fibre  tracts  formed  by  the  pyramids,  within 
which  lie  the  cross  sections  of  the  8-10  bundles  of  the  oculomotor. 
Immediately,  in  front  of  the  pons  medianly  is  a circular  prominence 
occupied  by  the  interpeduncular  nucleus  and  transverse  decussating 
fibres.  This  body  seems  to  be  merely  a nodular  prominence  of  the 
raphe.  The  body  in  question  lies  4 mm.  behind  the  posterior  margin 
of  the  tuber  cinereum.  The  few  cells  occurring  in  the  nucleus  are 
small  flask-cells.  At  a slightly  higher  level  there  appear  two  distinct 
nuclei,  one  seeming  like  the  forward  continuation  of  the  pons  nucleus 
and  lying  caudad  ;to?  the  tracts  of  the  third,  the  other  slightly  laterad 
and  cephalad  to  these  tracts.  The  latter  consists  of  multipolar  cells 
of  medium  size  imbedded  in  a dense  reticulum  which  seems  to  b,e 
rq,erely  the  cross  section  of  Meynert’s  bundle. 

At  the  ventral  leyel  of  the  peduncular  nucleus  the  eleven  fibre 
bundles  of  the  third  root  have  nearly  reached  the  median  line.  The 
nucleus  is  disperse  and  extends  cephalad  some  distance  beyond  the 
nerve  roots.  At  this. level  there  is  a marked  decussation  of  the  longi- 
tudinal fibre  bundles  immediately  behind  the  third  roots.  The  decus- 
sating fibres  curve  laterad  and  caudad,  passing  in  this  section  to  the 
nucleus  at  the  base  of  the  peduncles  of  the  cerebellum. 

Fig.  2,  Plate  XIX,  sufficiently  illustrates  the  topography  of  a hor- 
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izontal  section  at  the  level  of  the  third  and  fourth  nuclei.  A dense 
nucleus,  (JV.  interpatheticus,)  occupying.the  region  of  the  raphe  caudad 
to  the  fourth  nucleus  is  conspicuous.  In  higher  sections  the  emerg- 
ence of  the  fourth  root  tracts  by  a number  of  small  bundles  describing 
an  abrupt  outward  curve,  is  well  shown.  The.  interpathetic  nucleus 
above  described  now  lies  in  the  median  plane  between  the  nuclei. 
While  no  decussation  was  observed,  we  are  convinced  that  fibres  from 
the  third  are  given  off  to  tracts  passing  caudad  and  laterad. 

The  relations  of  the  tegmentum  with  the  corpora  quadrigemina 
may  be  best  studied  in  longitudinal  vertical  sections.  (Plate  XIX, 
Fig.  I.)  The  nates  are  nearly  quadrangular  and  inclined  posteriorly 
while  the  testes  lie  nearly  at  right  angles  to  the  former  a,pd  do  not  reach 
one-half  the  size.  Fibres  from  the  optic  tracts  spread  out  upon  the 
surface  of  both  anterior  and  posterior  'corpora  and  are  followed  with 
difficulty. 

In  Didelphys  the  testes  are  much  more  prominent  than  the  nates, 
and  contain  relatively  more  gray  matter.  The  tectum  proper  is  not 
developed  below  the  lateral  plane  passing  through  the  third  nerve  nu- 
clei. In  this  plane  there  appear  to  be  five  lateral  nuclei,  three  in  the 
thalamus  and  two  in  the  mesencephalon.  The  median  part  of  the 
section  is  filled  with  cells,  constituting  one  unseggregated  nucleus. 
We  have  been  able  to  convince  ourselves  that  the  fibres  from  the  optic 
tracts  do  not  spread  out  upon  the  surface  of  the  tectum,  but  rather  are 
over-capped,  by  a cortex  similar  to  the  cerebral.  Thus  the  portion 
above  the  aqueduct  is  separable  into  four  gray  layers  with  three  white 
zones^  bounding  them.  The  innermost  gray  zone  is  immediately  sur- 
rounding the  ventricle  and  is  filled  with  small  cells.  (Plate  IX,  Fig. 
3,  etc.)  This  zone  is  limited  by  the  decussating  tract  of  the  nates,  in 
which  are  found  the  bladder-cells  connected  with  the  superior  nucleus 
of  the  trigeminal. 

The  second  gray  zone  seems  to  partake  of  the  structure  of  the 
formatio  reticularis  and  contains  scattered  nuclei  and  is  bounded  per- 
ipherally by  a discontinuous  zone  of  fibres,  apparently  extending  ob- 
liquely caudad.  In  connection  with  these  fibres  are  numerous  large 
multipolar  cells,  whose  processes  can  be  traced  in  various  directions, 
especially  peripherad,  for  long  distances.  The  space  intervening  be- 
tween this  tract  and  the  tract  formed  by  the  fibres  from  the  optic  tract 
is  a reticulum  of  fibres  and  cells  in  concentric  and  radiating  chains.  A 
few  of  the  large  multipolar  cells  are  likewise  sparsely  scatffired  through. 
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it.  The  remaining  zone  of  gray  is  the  cortex,  and  is  connected  by  fibre 
and  cell  chains  with  at  least  the  two  median  layers. 

In  just  what  way  the  cortex  is  related  to  the  optic  tract  is  difficult 
to  determine.  In  some  places  there  is  still  a superficial  fibre  tract 
corresponding  to  the  stratum  zonale.  The  outer  layer  of  the  nates 
contains,  as  already  said,  radiating  systems  of  fibres  and  cells.  Of  the 
latter  four  kinds  are  recognized.  First,  a system  of  superficial  pyra- 
midal cells,  with  their  bases  peripheral,  each  with  a single  process 
passing  toward  the  center.  These  cells  measure  .017-. 02  mm.,  with 
a nucleus  .006  mm.  in  diameter.  The  protoplasm  stains  very  faintly 
and  the  cell  gives  off  a process  which  may  unite  with  cells  of 
the  fourth  sort.  It  must  be  left  at  present  undetermined  whether  these 
cells  are  really  nervous  or  not.  We  could  not  be  certain  that  basal 
processes  connect  them  with  the  superficial  fibre  zone.  Second,  very 
numerous  nutritive  cells  of  the  usual  type  are  scattered  irregularly. 
Third,  nucleated  cells  of  the  walls  of  the  blood  vessels  differentiate 
strongly.  Fourth,  elongate,  bipolar,  fusiform  cells,  .013  mm.  long 
by  .003  mm,  wide.  Below  these,  and  apparently  connected  with 
them,  are  much  larger  cells  of  somewhat  pyramidal  form,  with  a single 
peripheral  process,  blunt  proximal  extremity  with  several  processes,  and 
a large  nucleus.  These  cells  measure  .024-.  02 7 mm.  in  length  by 
.01-.013  mm.  in  width.  Fig.  6,  Plate  XIX,  is  a semi-diagramatic  illus- 
tration of  the  cells  of  the  superficial  layer,  as  seen  in  longitudinal  sec- 
tion (VII-g-2)  under  the  one-fifth  inch  objective. 

(Consult  in  this  connection  Tartuferi^  Sulk  Anat.  Minut.  dell’ 
Eminenze  Bigem.,  etc.,  in  Revista  Sperimentale,  1879,  Gajiser,  Die 
periph.  u.  cent.  Anordnung  d.  Schnervenpaare  u.  d.  Corpus  Bigem. 
Ant.,  Archiv.  f.  Psychiatrie,  Bd.  XIII.,  Nonakow,  Die  Beziehung  d. 
sogenannt.  Sehsphaere  z.  d.  infracorticalen  Opticuscentren,  etc.  ibid, 
Bd.  XIV,  and  Bello nci^  Ueber  d.  centrale  Endigung  des  Nervus  Op- 
ticus bei  d.  Vertebraten.  Zeitsch.  f.  w.  Zook,  Bd.  XLVII.) 

At  the  medio-ventral  aspect  of  the  sections  which  display  the  en- 
trance of  the  third  nerve  roots,  Meynert’s  bundle  has  assumed  the 
longitudinal  direction,  forming  a transversely-cut  tract  between  the 
roots  of  which  there  are  over  one  dozen  bundles  on  either  side.  In 
sections  farther  caudad  than  Fig.  i,  Plate  IX,  the  ventricle  of  the  optic 
lobes  vanishes  without  divaricating.  The  non-appearance  of  the  col- 
liculi, as  seen  in  lower  vertebrates,  is  to  be  explained  as  due  to  this 
fact,  i.  e.,  the  substance  of  the  colliculi  fused  with  the  sub-natal  gray 
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matter.  At  this  level,  too,  the  tracts  from  Meynert’s  bundle  apparent- 
ly enter  a small,  dense  interpeduncular  nucleus  between  the  third 
nerve  roots  and  somewhat  caudad  to  them.  A large  nucleus,  (Steida’s 
■nuchu^  pcdi/;iLiilariij,)  laterad  to  the  third  root  tracts,  and  another  near 
the  median  line,  nucleus  inter pcduncularis^  to  which  the  fibres  of  Mey- 
nert’s bundle  can  be  directly  traced,  are  also  visible  (Fig.  3,  Plate  IX.) 
Compare  Plate  X,  Fig.  i. 

Longitudinal  vertical  sections  through  the  corpora  quadrigemina 
at  the  locus  of  the  third  root,  are  especially  instructive  as  to  the  rela- 
tions existing  between  the  third,  fourth  and  other  nuclei.  (Plate  X, 
Fig.  I.)  The  figure  sufficiently  illustrates  the  chief  peculiarities.  The 
nucleus  of  the  third  lies  chiefly  below  and  laterad  from  the  strong  me- 
dian ascending  tract  and  is  largely  involved  in  its  fibres.  The  fourth 
nuclei  are  composed  of  entirely  similar  cells  lying  in  a group  caudad 
and  dorsad  to  the  previous  nuclei  and  lying  above  the  ascending  tract 
and  near  the  sides  of  the  floor  of  the  aqueduct.  The  tracts  of  IV  are 
seen  as  two  or  three  circular  sections  (tr.  IV.) 

The  descending  fibres  of  what  is  apparently  Meynert’s  bundle  can 
be  traced  to  a point  near  the  entrance  of  the  third  nerve.  A strong 
bundle  (tr.)  from  the  prominence  immediately  in  front  of  the  outer 
passes  obliquely  caudad  and  mesiad. 

The  third  nerve  arises  by  a number  of  very  small  roots  which  sub- 
divide on  entering  the  substance  of  the  pes  into  still  smaller  strands. 
The  course  of  the  fibres  can  be  easily  followed  dorsally  and  caudad  to 
a considerable  nucleus  a little  ventrad  from  the  aqueduct.  In  trans- 
verse section  the  outline  of  this  nucleus  is  triangular  and  consists  of 
two  indistinctly  separated  portions,  a smaller  (dorsal)  portion  and  a 
larger  ventral  mass,  from  the  base  of  which  the  fibres  radiate  ventrad 
to  the  tracts  through  a white  zone  surrounding  it.  The  centre  of  the 
nucleus  lies  dorsal  to  the  anterior  edge  of  the  pons. 

Ventrally  and  a little  laterad  is  the  larger  nucleus,  the  cells  of 
which  are  in  some  respects  similar,  but  average  rather  larger,  (Plate 
IX,  Fig.  3,  722)  but  from  it  no  fibres  can  be  traced  to  the  tracts  of  III 
which  latter,  in  converging  toward  the  nucleus  proper  at  the  median  line, 
in  part  pass  through  the  substance  of  this  cluster.  This  pedunculat  nucleus 
is  remarkable  in  that  its  cells  are  exceedingly  irregular  and  wrapped 
about  the  strands  of  the  longitudinal  tract.  These  many-branched  cells 
lie  in  angles  of  decussating  fibres,  and  like  similar  cells  of  the  ventral 
cornua  of  the  cord,  send  off  fibres  to  the  several  tracts. 
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Of  these  tracts  especially  well  marked  is  a bundle  of  arching 
fibres  passing  from  this  nucleus  dorsally  toward  the  nates  but  apparent- 
ly converging  over  the  aqueduct  to  the  posterior  commissure  It  may 
be  suggested  that  tlris  nucleus  is  centre  of  co-ordination  for  the  oculo- 
muscular'  aparatus. 

The  region  of  the  third  ventricle. 

Horizontal  sections  through  the  lowest  portion  of  the  tuber  cine- 
reum  reveal  the  same  structure  as  described  in  the  tuber  of  the  alliga- 
tor, /.  c.,  a dense  layer  of  epithelium  lining  the  ventricle,  the  cells  of 
which  give  rise  to  long  fibres  of  connective  tissue  dividing  the  space 
about  the  ventricle  into  compartments  in  which  the  very  numerous 
flask-shaped  cells  are  closely  packed.  Tne  entire  tuber  is  filled  with 
these  cells.  At  its  posterior  portion  are  two  more  densely  nucleated 
spots  laterad  to  the  lowest  point  of  the  fornix  tract. 

In  higher  sections  the  above-mentioned  nuclei  and  the  ceph- 
alad  and  caudad  parts  of  the  fornix  tracts  become  quite  distinct.  The 
nuclei  above  described,  which  may  be  called  the  posterior  nuclei 
of  tlie  tuber,  give  rise  to  fibre  tracts  passing  dorsad  and  cephalad  lat- 
erally from  the  cephalad  tract  of  the  fornix.  About  the  sides  of  the 
third  ventricle,  cephalad  is  a large,  dense  nucleus  of  small  cells,  the 
anterior  tuber  nucleus,  and  in  front  of  this  on  either  side,  not  far  cau- 
dad of  the  chiasm,  is  a small  tract  in  cross  section.  This  small  bundle 
can  be  traced  dorsad  for  some  distance,  but  its  ultimate  course  is  un- 
known. 

The  structure  about  the  third  ventricle  remains  quite  constant  but 
cephalad  from  the  lamina  terminalis  is  a nucleus  of  spider-like,  slender 
multipolar  cells  with  remarkably  long  and  distinct  processes  passing 
in  all  directions  through  a coarse  reticulum  of  fibres  (VII  15).  Both 
divisions  of  the  fornix  tract  lose  their  distinct  contours  before  the  level 
of  the  anterior  commissure  is  reached,  the  caudad  tract,  especially, 
fuses  with  the  gray  matter  of  the  thalamus.  The  cephalad  portion 
emerges  immediately  caudad  to  the  commissure.  Meynert’s  . bundle 
at  this  level  is  some  distance  cephalad  to  the  oculomotor  tracts. 

Three  more  or  less  distinct  masses  of  gray  matter  appear  in  the 
lateral  aspect,  the  middle  one  being  the  largest  and  most  densely  nu- 
cleated and  being  recognized  as  the  corpus  geniculatum. 

The  most  remarkable  nucleus  remaining  is  the  ganglion  of  the 
superior  commissure  or  nucleus  of  the  habenulas.  This  is  a compact 
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dense  nucleus  of  paraxial  multipolar  cells  greatly  resembling  in  size 
and  form  the  cells  of  the  third  and  fourth  nuclei.  This  nucleus  is 
situated  in  the  latero-cephalad  portion  of  the  thalamus  behind  the  com- 
missure of  the  hippocampus.  It  is  related  to  the  epiphysis  dorsally 
and  a strong  ventral  bundle  (taenia  thalami)  medianly.  The  whole 
dorso-cephalad  part  of  the  thalamus  is  thickly  sown  with  cells,  espe- 
cially medianly,  while  a dense  clustre  of  cells  of  the  same  sort  is  situ- 
ated near  the  median  line  a short  distance  cephalad  of  the  posterior 
commissure.  The  axial  direction  of  the  last  mentioned  cells  is- verti- 
cal and  they  give  rise  to  the  fibres  of  Meynerbs  bundle.  The  nucleus 
may  be  termed  nucleus  of  Meynert’s  fasciculus. 

The  ascending  fascicle  of  the  fornix  after  meeting  the  anterior 
commissure  passes  dorsad  to  it,  entering  the  septum  and  becoming 
enveloped  in  cubical  gray  masses  lying  between  the  corpus  callosum 
cephalad  and  the  commissure  of  the  hippocampus  caudad.  The  gray 
mass  contains  numerous  small  nuclei.  Gradually  this  mass  (and  with 
it  the  fornix  fibres)  fuse  with  the  hippocampal  commissure. 

The  strong  tract  descending  from  the  habenulae  passes  laterally 
and  disappears  in  the  region  of  the  peduncular  tracts  and  can  be 
traced  no  further. 

Comparative  data  from  Didelphys. 

The  following  memoranda  are  derived  from  a series  of  sections 
from  the  opossum.  Two  principal  bundles  emerge  from  near  the 
ventral  surface  of  the  medulla,  anteriorly.  The  median  pair  bound 
the  trigonum  and  are  laterad  to  the  small  oculomotor  nerve  roots. 
These  ventral  pyramids  of  the  peduncles  pass  obliquely  cephalad  and 
laterad  to  a point  caudad  to  the  chiasm,  where  they  turn  abruptly 
dorsad. 

The  laterad  pair  of  bundles  pass  obliquely  dorsad  from  the  latero- 
cephalad  aspect  of  the  medulla  to  the  caudad  aspect  of  the  mesen- 
cephalon. 

The  second  or  sensory  bundle  continues  in  its  dorsal  course  as  a semi- 
circular, and  finally  a circular  bundle,  to  the  horizontal  plane  including 
the  summit  of  the  anterior  commissure ; there  it  begins  to  break  up 
until,  at  the  level  of  the  corpus  callosum  and  hippocampal  commissure, 
it  becomes  a reticular  formation  beneath  the  testes.  The  further  course 
of  these  fibres  is  obscure,  but  it  appears  that  they  are  continued  ceph- 
adal  through  the  thalamus  and  take  part  in  the  decussation  of  the  an- 
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terior  commissure.  This  commissure,  which  is  so  large  relatively  as 
to  take  the  place  of  the  corpus  callosum  of  higher  mammals,  gathers 
fibres  from  the  entire  ventral  and  occipital  region  and  appears  to  con- 
tain not  only  decussating  fibres,  but  a large  number  of  co-ordinating 
strands.  The  connection  with  the  olfactory  lobes  is  evident  and  direct. 

The  pyramidal  tracts  cross  the  anterior  commissure  laterally  and  form 
almost  immediately  a number  of  separate  bundles  passing  directly 
dorsad.  They  may  be  traced  chiefly  to  the  antero-dorsal  cortex, 
though  smaller  bundles  pass  caudad  and  a few  isolated  fibre  tracts  from 
this  tract  seem  to  reach  the  ventro- lateral  regions. 

Numerous  small  bundles  decussate  in  the  ventral  part  of  the  crural 
region. 

The  course  of  the  fornix  seems  to  be  identical  with  that  of  the 
rodents. 

A strong  tract  from  the  habenulae  follows  nearly  the  same  course 
already  described  for  Arctomys,  but  the  ganglion  occupies  the  very 
summit  of  the  thalamus,  while  the  ganglion  of  Meynert’s  fasciculus 
occupies  the  median  aspects  of  the  upper  part  of  the  third  ventricle. 
The  superior  commissure  is  a very  short  distance  cephalad  and  dorsad 
from  the  posterior  commissure  and  its  fibres  can  be  readily  traced  to  the 
ganglion  habenulae.  A tract  passing  from  the  testes  to  the  cerebel- 
lum was  provisionally  recognized. 

We  have  already  intimated  that  the  received  statements  regarding 
the  absence  of  the  corpus  callosum  are  only  apparently  true.  The 
microscope  reveals  the  presence  of  a commissure  in  the  proper  posi- 
tion to  receive  this  name.  It  is  a small  fibre  bundle  dorsad  and  ceph- 
alad to  the  commissure  of  the  hippocampus  and  is  a true  cortex 
commissure.  It  is  not  larger  relatively  than  the  corresponding  bundle 
in  the  alligator  or  turtle  and  therefore  does  not  impeach  the  validity  of 
the  argument  against  the  common  origin  of  marsupials  and  other  mam- 
mals. Other  details  are  reserved  for  an  article  now  under  way. 

Details  of  successive  transverse  sections  through  the  thalatnus  and 
corpora  striata. 

(VI  a-\().)  Section  cephalad  from  the  corpus  callosum. 

At  this  level  the  whole  dorsal  and  outer,  as  well  as  dorso-median, 
cortex  is  similar  and  the  fibres  of  the  white  matter  converge  toward 
the  striatum.  Two  sets  of  fibres  may  be  distinguished,  the  one  pass- 
ing toward  the  lateral  aspects  ol  the  corpora  striata,  the  other  being 
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the  commissure.  The  cortex  is  about  2 mm.  deep  and  the  white  fibre 
layer  below  is  one  half  as  thick.  The  fibres  from  any  given  region 
gradually  accumulate  in  bundles  adjacent  to  the  corpus  striatum  and 
finally  perforate  it  obliquely.  Here  they  pursue  an  oblique  ventral 
course  and  tend  to  accumulate  in  still  larger  bundles.  The  larger  bun- 
dles are  in  the  dorsal  part  of  the  striatum,  the  whole  substance  of 
which  is  filled  with  small  fusiform  or  flask  cells  of  uniform  size  and 
irregular  direction.  The  form  of  the  striatum  is  here  irregularly  quad- 
rangular. Besides  the  fibres  radiating  to  the  corpus  striatum,  the  white 
matter  beneath  the  cortex  contains  an  approximately  equal  number, 
which  obviously  are  converging  to  the  corpus  callosum.  These  fibres 
or  rather  similar  fibres  from  cephalad  parts  of  the  hemisphere  collect 
above  the  ventricle  (by  it  separated  from  the  striatum)  to  form  the 
callosal  tract,  which  is  separated  from  the  median  fissure  by  a thin 
septum  lucidum.  The  septum  is  here  crowded  with  fusiform  cells 
and  is  separated  from  the  cortex  proper  by  the  calloso-marginal  fissure. 
Between  the  septum  and  the  corpus  striatum,  ventrad  from  the  callosal 
tract,  is  a ganglionic  mass  like  the  striatum  in  its  cell  structure,  but 
free  from  fibre  tracts  and  separated  from  the  septum  by  a poorly  aggre- 
gated tract.  This  mass  is  associated  with  the  body  of  the  fornix. 

Below  the  corpus  striatum  is  the  central  olfactory  tract,  which 
consists  of  two  portions,  and  is  very  distinct  from  everything  about  it. 

The  entire  ventral  portion  (or  pyriform  lobe)  is  peculiar  m the 
absence  of  any  orderly  arranged  cortical  gray.  On  the  other  hand, 
its  cells  are  aggregated  in  small,  dense  clusters  or  sinuous  masses  and 
a little  distance  within  the  cortex  is  a greater  number  of  small,  disperse 
fibre  tracts  which  appear  to  be  derived  from  the  superficial  olfactory 
tract,  which  latter  here  occupies  the  latero- ventral  aspect. 

(VT/,  21.)  In  sections  near  the  the  front  of  the  callosum  the 
ventricle  has  extended  ventrally  and  severed  the  non-fibrous  median 
gray  or  fornix  nucleus,  making  of  it  an  intraventricular  aggregate,  the 
medio-ventral  part  of  the  septum  lucidum  remaining  distinct  from  it. 
In  sections  further  caudad  the  tracts  near  the  ventral  surface  have  re- 
treated dorsad  and  collected  near  the  olfactory  tract.  The  tract  from 
the  ventral  part  of  the  septum  has  descended  toward  the  ventral  region 
and  dense  clusters  of  large  fusiform  cells  gather  in  its  medio-ventral 
portion. 

Gradually  the  intra-ventricular  gray  matter  (fornix  body)  assumes 
a quadrate  section,  the  central  olfactory  tract  begins  to  reach  a median 
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position,  and  the  superficial  one  spreads  over  the  whole  pyriform  lobe. 

The  next  section  (Fig.  8,  Plate  II,)  taken  behind  the  chiasm  shows 
the  optic  tracts  collected  on  either  side  of  the  now  distinct  thalamus  and 
separated  by  the  infundibulum.  The  olfactory  tract  crosses  the  nar- 
row third  ventricle  by  a sudden  curvature  via  the  anterior  commissure 
which  seems  to  be  a genuine  commissure  of  the  olfactory  and  adjacent 
sensory  tracts. 

An  important  tract  now  first  appears.  It  consists  of  fibres  passing 
obliquely  dorsad  behind  and  ventrad  to  the  commissure.  Neither 
upper  nor  ventral  terminus  appears  in  this  section,  but  the  fibres  can 
be  traced  ventro-laterad  and  caudad  to  form  the  descending  tracts  of 
the  fornix,  as  already  seen  in  longitudinal  sections,  and  cephalad  and 
dorsad  until  they  unite  the  so  called  fornix  nuclei  of  both  sides  by  a 
strong  decussational  band  near  the  ventro-caudad  border  of  the  cal- 
losum. We  can  not  determine  whether  there  is  absolute  continuity  be- 
tween all  these  fibres  and  the  commissure  of  the  hippocampus.  The 
latter  is  certainly  chiefly  made  up  of  the  fibres  from  the  fornix,  but  it 
also  appears  that  some  of  the  fibres  from  the  hippocampus  are  truly 
commissural  while,  on  the  other  hand,  some  at  least  of  the  fornix  fibres 
appear  to  terminate  in  the  gray  matter  of  the  fornix  nucleus  or  body. 

The  farther  course  of  the  descending  tract  of  the  fornix  has  been 
given  above.  We  do  not  find  evidence  of  the  absolute  continuity  of 
the  fibres  of  this  tract  with  those  of  the  fasciculus  of  Vicq  d’Azyr  or 
ascending  fornix  tract  of  Ferrier. 

The  body  or  nucleus  of  the  fornix  adheres  to  the  inferior  surface 
of  the  corpus  callosum,  but  there  is  no  evidence  of  organic  connection. 

Plate  ,1,  Fig.  8,  illustrates  a section  near  the  front  of  the  corpus 
callosum.  The  fornix  body  has  already  become  distinct  from  the 
corpus  striatum.  The  central  tract  of  the  olfactory  nerve  lies  ventrad 
and  slightly  dorsad  from  the  line  e,  the  external  tract  being  near  b. 

Plate  II,  Fig.  8,  represents  a section  at  the  anterior  commissure. 
The  prominences  of  the  fornix  body  are  here  quadrangular  and  medi- 
anly  give  rise  to  tracts  which  pass  caudad  to  the  commissure.  The 
optic  tract  appears  near  the  median  line  above  i.  Plate  IV,  Fig.  i, 
exhibits  the  relations  of  the  tracts  descending  from  the  fornix  nucleus. 
In  sections  immediately  following,  a very  broad  band  of  fibres  con- 
nects these  two  prominences  and  their  extension  also  unites  the  ventral 
surfaces  of  the  hippocampus.  This  belt  of  fibres  has  suffered  the 
same  involution  that  the  substance  of  the  hippocampus  has,  and  in 


8o 


BULLETIN  OF  THE  LABORATORIES 


consequence  has  been  rolled  into  a band  with  a semicircular  section, 
so  that  a section  further  back  (Plate  IV,  Fig.  2,)  reveals  the  fornix 
fibres  dorsally  attached  to  the  hippocampus.  This  throws  needed 
light  upon  the  fornix,  hippocampus,  and  their  relations.  The  hippo- 
campus is  essentially  the  whole  caudad  margin  of  the  cortex  which  by 
continued  peripheral  increase  has  rolled  itself  in  the  longitudinal  di- 
rection and  at  the  same  time  arched  about  the  peduncles  as  they  con- 
verge from  the  striatum  toward  the  sides  of  the  thalamus.  This  pass- 
age of  the  peduncular  fibres  can  be  well  seen  in  sections  somewhat 
cephalad  to  Fig.  i,  Plate  V,  and  in  Plate  V,  Fig.  2,  where  the  pedun- 
cular fibres  have  already  crossed  and  lie  mesiad  from  the  optic  tract 
which  forms  the  lateral  wall  of  the  thalamus.  Near  the  lower  ventral 
and  median  extremity  one  may  detect  the  remnant  of  the  fornix  tract 
on  its  way  to  the  mammillary  body.  Laterally,  the  ragged  portion  of 
gray  matter  projecting  into  the  ventricle  is  the  remnant  of  the  striatum 
after  the  crossing  of  the  fibres  to  the  thalamus.  ' 

Returning  to  the  hippocampus,  its  fibres  pursue  as  nearly  as  pos- 
sible the  usual  course,  i.  <?. , part  pass  directly  across,  forming  the  com- 
missural part  of  the  fornix,  and  other  fibres  descend  in  the  body  of 
the  fornix  to  the  body  of  the  thalamus  and  thence  to  appropriate  nu- 
clei in  that  organ. 

In  the  region  of  the  anterior  commissure,  a number  of  the  ventral 
bundles  of  fibres,  which  may  be  regarded  with  a high  degree  of  proba- 
bility as  sensory  in  function,  now  begin  to  cross  to  the  thalamus,  mean- 
while the  dorsal  bundles  which  occupy  the  striatum  proper  become 
constantly  more  compact.  The  principal  sensory  bundles  seem  to  be 
driven  medianly  until  the  sides  of  the  thalamus  are  occupied  by  a 
rather  compact  motor  column.  The  relations  described  are  well  shown 
in  Figs.  I and  2,  of  Plate  V.  Fig.  2 also  shows  the  fornix  fibres  near 
the  mammillary  body. 

The  olfactory  tracts  are  somewhat  difficult  to  follow.  Two  of 
them  are  distinct  and  may  be  traced  to  the  same  general  region  of  the 
hemispheres  and  thalamus.  The  inner  tract  passes  directly  backward 
from  the  centre  of  the  crus  olfactorius  (Plate  II,  Fig.  i,)  to  beyond 
the  anterior  cornu  of  the  ventricle,  where  it  seems  to  divide,  sending 
a branch  to  the  superficial  tract.  Thence  it  may  be  traced  backward 
in  successive  transverse  sections  to  the  region  of  the  anterior  commis- 
sure. (In  Fig.  8,  Plate  I,  the  olfactory  tract  lies  a little  above  and  to 
the  left  of  the  point  indicated  by  c.) 
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The  superficial  tract  of  the  olfactory  fibres  passes  along  the  ven- 
tral surface  in  ill-defined  bundles  to  the  hippocampal  region.  Here 
small,  dark,  angular,  multipolar  cells  abound,  similar  to  those  of  the 
anterior  or  fornix  eminentia  of  the  thalamus.  The  relation  of  the 
hippocampus  with  the  fornix  has  already  been  indicated.  It  is  proba- 
ble that  fibres  from  the  hippocampus  pass  to  the  higher  cortical  regions 
via  the  fornix  commissure,  just  as  in  the  reptilia.  It  is  not  impossible 
that  there  is  a connection  of  the  central  tract  with  the  hippocampus, 
but  such  a communication  was  not  demonstrated. 

Other  fibres  seem  to  depart  from  the  main  tracts  and  gather  at  the 
anterior  commissure.  The  anterior'commissure  in  the  brain  of  the  rat 
was  studied  for  comparison  with  the  result  of  confirming  the  suggest- 
ions already  made. 

The  transverse  sections  have  thrown  no  light  on  the  course  of  the 
fibres  from  the  dorsal  nucleus  of  the  thalamus  {taena  thalami),  which 
in  horizontal  sections  are  found  to  pass  ventrad  along  the  cephalic  bor- 
der of  the  thalamus,  behind  the  callosum  and  anterior  commissure,  to 
the  point  of  entrance  of  the  pyramidal  fibres  into  the  hemisphere. 
We  think  it  probable  that  these  fibres  make  their  way  to  the  hippo- 
campal or  occipital  region  of  the  cortex. 

The  Prosencephalon. 

(It  will  be  convenient  in  presenting  the  few  notes  we  at  present 
offer  upon  the  fore-brain,  to  reverse  the  order  hitherto  followed.) 

{a.)  The  olfactory  lobes  are  of  considerable  size  and  are  connect- 
ed with  the  cerebral  hemispheres  by  a relatively  thick  crus  olfactorius. 
The  form  of  the  bulb  proper  is  ovoid  and  it  is  obliquely  appressed 
upon  the  front  of  the  hemisphere. 

Microscopically  the  structure  is  not  unlike  that  of  the  human  sub- 
ject. The  outermost  layer  consists  of  bundles  of  olfactory  nerves 
passing  in  various  directions  to  unite  with  the  glomerular  layer.  The 
exact  method  of  emergence  was  not  observed.  The  so-called  glom- 
erular layer  is  simply  a belt  of  fibre  bundles,  each  bundle  being  sur- 
rounded by  a cluster  of  neurilema  nuclei.”  The  olfactory  fibres  are 
more  or  less  convoluted  and  are  separated  by  a dense  reticulum  of 
neuroglia.  The  glomerular  layer  insensibly  passes  into  the  more  hom- 
ogeneous but  otherwise  similar  gelatinous  layer.  Here  the  olfactory 
fibres  pass  through  a dense  net-work  of  connective  tissue  with  sparse  • 
neuroglia  nuclei.  Forming  the  inner  boundary  of  the  gelatinous  layer 
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is  a layer  of  ganglion  cells.  These  cells  are  pyramidal  and  give  off 
three  or  more  acute  projections  peripherally,  but  extend  into  a thick 
axillary  process  below.  The  number  of  ganglion  cells  is  relatively  very 
small.  The  bases  of  these  ganglion  cells  are  immersed  in  a dense  zone 
of  neuroglia  nuclei,  which  are  oval  and  furnished  with  very  prominent 
nucleoli,  one  always  being  central,  they  are  not  more  than  one-fifth 
the  length  of  the  ganglion  cells,  and  their  function  may  be  to  nourish 
the  ganglion  cells  and  insulating  layer  of  the  centripital  nervous  pro- 
cesses. The  following  layer  is  composed  of  nerve  fibres,  which  are 
collected  in  bundles  closely  invested  by  nuclei  similar  to  those  above 
described  and  divided  into  upper  and  lower  tracts  by  the  olfactory 
ventricle.  The  dorsal  part  of  the  crus  olfactorius  has  a cortical  layer, 
differing  materially  from  that  of  adjacent  parts  of  the  cerebrum. 

The  course  of  the  fibres  is  difficult  to  trace  in  detail.  There  are 
two  distinct  tracts,  the  upper  passing  directly  to  a point  below  ventral 
point  of  the  lateral  ventricle,  partly  mingling  with  the  cortical  fibres 
of  that  region  and  passing  through  the  base  of  the  corpus  striatum,  but 
giving  off  a branch  which  unites  with  the  lower  superficial  tract  which 
passes  obliquely  backward  upon  the  surface  to  what  has  been  called 
the  pyriform  lobe. 

Fig.  9,  Plate  I.  Transverse  section  of  olfactory  lobe.  (a,)  gran- 
ular layer,  (b,)  gelatinous  layer,  (c,)  position  of  ventricle,  (d,)  gang- 
lion layer,  (g.)  glomerular  layer,  (f,)  fibre  tracts. 

Fig.  I,  Plate  II.  Longitudinal  section  of  anterior  part  of  hemi- 
sphere and  olfactory  lobe.  Fig.  la,  fibre  bundle,  enlarged.  Fig.  3, 
Plate  II,  section  through  ganglion  and  adjacent  layers,  much  enlarged. 
Fig.  2,  Plate  II,  portion  of  cortex  at  base  of  crus  olfactorius. 

[Note.] — Although  most  of  the  time  devoted  to  this  paper  has 
been  employed  in  the  study  of  the  histology,  especially  of  the  cortex, 
his  section  must  be  omitted  till  the  next  issue,  because  of  vexatious 
delays. 


EXPLANATION  OF  PLATES. 


The  sections  are  all  drawn,  unless  otherwise  stated,  by  means  of  the  camera 
lucida. 

PLATE  I. 

C.  L.  Herrick. 

Transverse  sections  of  the  right  hemisphere  of  Arctomys  to  a uniform  scale. 

Fig.  I.  Cross-section  of  olfactory  bulb.  Cf.  Fig.  9. 

Fig.  2.  Cross-section  of  hemisphere  and  crus  olfactorius. 

Fig.  3.  Cross-section  of  hemisphere  at  the  junction  of  the  crus  olfactorius. 

Figs.  4-8.  Sections  taken  at  frequent  intervals  across  the  hemisphere,  ex- 
tending as  far  caudad  as  the  corpus  callosum. 

Fig.  9.  . Enlarged  section  of  the  lobus  olfactorius.  Compare  also  Plate  II, 
Figs.  1-4. 

Fig.  10.  Portion  of  Fig.  9,  enlarged. 

Fig.  II.  Frontal  cross-section  of  the  right  hemisphere  and  corpora  quad- 
rigemia  of  the  rat,  for  comparison  with  sections  figured  on  Plate  V. 

Fig.  12.  Cells  from  cortex  of  crus  olfactorius  at  point  indicated  by  Fig. 
4,  (.025  mm.  long.) 

Fig.  13.  Small  area  from  cortex  of  ventral  surface  of  hemisphere,  in  sec- 
tions passing  through  the  front  of  the  callosum.  (C.  Fig.  8,)  x 170. 

Fig.  I4.  Portion  of  cortex  from  ventral  aspect  of  hemisphere,  near  median 
portion  of  the  pyriform  lobe  at  the  level  of  the  anterior  commissure.  (Fig.  8 a, 
Plate  II.) 

PLATE  11. 

C.  L.  Herrick. 

Fig.  I.  Longitudinal  vertical  section  of  anterior  portion  of  hendsphere  of 
Rabbit. 

Fig.  \a.  Portion  of  glomervdar  layer  of  olfactory  nerve  bundle. 

Fig.  2.  Portion  of  upper  cellular  layer  of  crus  olfactorius. 

Fig.  3.  Section  through  the  granular,  ganglionic,  and  gelatinous  layers  of 
olfactory  lobe. 

Fig.  4.  Horizontal  section  of  anterior  part  of  cerebrum,  with  olfactory 
lobe,  Arctomys. 
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5-7.  Similar  sections  at  successively  higher  levels  as  far  as  to  the 
corpus  callosum. 

Fzg-.  8.  Transverse  section  through  the  corpus  callosum  and  anterior  Com- 
missure. 

9.  Section  of  part  of  fornix  body. 

10.  (IIIr-13.)  Horizontal  longitudinal  section  through  the  middle  of 
the  right  hemisphere,  passing  through  the  corpus  callosum  and  the  hippocampal 
involution. 


PLATE  III. 

C.  L.  Herrick. 

Details  from  sections  of  preeeeding  plates. 

Fz£-.  I.  Portion  of  corpus  striatum,  x 25. 

2.  Cortex  near  olfactory  tract  in  transverse  section  at  cephalic  margin 
of  corpus  callosum. 

3.  Portion  of  cortex  near  middle  of  median  fissure  in  transverse  sec- 
tion, half  way  from  front  to  corpus  callosum,  x 165.  The  arrow  indicates  the 
direction  of  the  surface.  Two  sorts  of  cells,  centrifugal  preponderating. 

Fig,  Typical  motor  area.  {yia-2^a)  Giant  or  ganglion  celllayer  near 
median  fissure.  (Compare  Fig.  7.)  x 165. 

Fig^  5.  Similar  motor  area  in  VIa-7,  in  front  of  the  corpus  callosum,  in 
about  the  middle  of  the  superior  surface.  Only  the  upper  layers,  x 165. 

Fig.  6.  Deep  layer  of  cortex  of  median  fissure  near  the  lower  third  of  ver* 
tical  diameter,  x 165. 

Fig.  7.  Section  entirely  through  the  cortex  of  VL-24,  at  same  point  as 
Fig.  4.  X 86. 


PLATE  IV. 

C.  L.  Herrick. 

Fig.  I.  Transverse  section  through  the  hemisphere  near  the  middle  of  the 
corpus  callossum,  showing  the  position  of  the  fornix  body  and  descending  tract 
of  the  fornix.  Also  the  relations  of  the  corpus  striatum  and  optic  tracts. 

Fig.  2.  Transverse  section  through  the  thalamus,  to  show  the  relation  of 
the  hippocampus,  its  commissure  and  the  rearrangement  of  the  white  matter  in 
the  thalamus.  A small  fragment  of  the  corpus  striatum  remains. 

Fig.  3 Portion  of  a,  Fig.  2,  enlarged.  Structure  of  the  hippocampus. 

Fig.  4.  Portion  of  cortex  along  median  sulcus,  («/,  Fig.  2.) 

Fig.  5.  Small  area  from  thalamus  at  c,  Fig.  2. 

Fig.  6.  Deeper  part  of  lateral  cortex,  (Fig.  2b.)  The  cells  apparently  flask- 
shaped, with  the  acute  apical  process  median.  Is  this  due  to  oblique  section  of 
pyramidal  cells  ? 
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PLATE  V. 

C.  L.  Herrick. 

Fig.  I.  Section  somewhat  cephalad  from  Plate  IV,  Fig.  2.  The  crossing 
of  fibres  from  the  paries  of  the  thalamus  to  the  hemisphere,  is  shown.  • 

Ftg.  2.  Transverse  section  farther  caudad,  showing  adhesion  of  the  hippo- 
campus with  the  corpus  callosum,  also  the  position  of  the  descending  fornix 
fibres  near  the  medio-ventral  portion. 

Fig.  3.  Transverse  section  of  hemisphere  at  the  caudad  extremity  of  the 
hippocampus. 

Fig.  4.  The  entire  brain  seen  from  the  dorsal  aspect.  For  results  of  elec- 
trical stimulation  see  page  38, 

Fig.  5.  The  same  viewed  from  the  ventral  aspect. 

Fig.  6.  Another  brain  dissected  and  laid  open  to  display  the  corpora  quad- 
rigemina,  thalamus,  ventricles,  etc. 

PLATE  VI. 

C.  L.  Herrick. 

This  plate  illustrates  the  distribution  and  arrangement  of  the  cellular  ele- 
ments in  the  postero-median  areas  of  the  cortex. 

Fig.  I.  (IITc-i2a  ) Giant  or  ganglion  cells  from  a transverse  section  of  the 
right  hemisphere  near  the  posterior  part  of  dorsal  surface  and  near  the  middle 
of  transverse  diameter.  Chiefly  centrifugal  cells  ; a few  centripetal.  Camera. 
Magnified  about  165  diameters. 

Fig.'  2.  (VL-i5^.)  Portion  of  transverse  section  in  front  of  infundibulum 

at  a point  about  5 mm.  from  median  line,  giant  or  gaiiglion  cells  from  the  area 
governing  sphincter  of  eye-lids.  Camera,  x 165, 

3*  Cells  from  the  same  section  and  depth,  but  farther  from 

the  median  line  and  hence  in  the  sensory  area.  Camera,  x 165. 

Fig.  4.  (VI^/-6«  ) Portion  from  transverse  section  in  advance  of  Fig.  i. 

showing  the  upper  part  of  the  cortex  in  the  sensory  area.  The  section  appears 
to  be  a little  in  advance  of  exit  of  oculo-motor  roots.  Camera,  x 165. 

Fig.  5.  (VI^-3a.)  From  a transverse  section  a little  back  of  the  chiasm. 
Extreme  lower  part  of  the  lateral  surface  of  cortex,  near  the  sulcus  and  occupy- 
ing same  relative  position  as  (VI-i^^^,)  multipolar  and  centripetal  cells  of  middle 
zone  of  cortex. 

Fig.  6.  (IllaCib.)  .Section  near  the  chiasm.  Camera,  x 165.  Giant  cells 
of  motor  area,  x 250,  i-io  inch  objective  and  camera. 

Fig.  7.  Opossum,  at  juncture  of  fibre  layer  and  cortex, near  median  fissure, 
half  way  from  crucial  sulcus  to  front.  Section  longitudinal. 

Fig.  8.  Radial  longitudinal  section  taken  with  corpus  quadrige- 

minum  as  a centre  passing  through  a point  midway  between  median  fissure  and 
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base  of  hemisphere,  2-3  mm.  posterior  to  chiasm.  Rabbit.  Chiefly  centripetal 
cells. 

9-  (VI<^-i7rt.)  From  a transverse  section  a short  distance  posterior  to 

infundibulum.  The  portion  figured  lies  about  12  mm.  from  the  median  line  and 
extends  from  the  white  matter  upward  through  the  ganglionic  layer. 

Fig.  10.  {Nlb-2oa.)  Still  further  back  near  the  middle  of  the  exposed  part 
of  the  cortex.  The  portion  figured  supplements  Fig.  9,  covering  the  upper  part 
of  the  cortex  to  below  the  giant  cells.  Drawn  to  a scale  without  camera.  A 
mixture  of  centripetal  and  centrifugal  cells.  (See  Plate  VII,  Fig.  la.  From 
nearly  the  same  area  as  Plate  VII,  Fig.  2 ) 

PLATE  VII 
C.  L.  Herrick. 

Fig.  I.  Section  through  infundibulum  shaded  to  indicate  the  distribution 
of  centrifugal  cells  in  the  cortex.  Cephalic  surface  of  a section  of  right  hemis- 
phere. 

Fig.  2.  {\ib-20a  ) Porion  of  a section  through  the  pyriform  lobe,  exhib- 

iting the  centripetal  variety  of  cells  unmixed  with  centrifugal.  At  the  lower 
curvature,  however,  both  varieties  occur,  x about  165. 

Fig.  3.  Portion  of  the  same  section  near  the  middle  of  the  arc  of  the  upper 
surface  in  an  area  where  both  varieties  of  cells  are  commingled. 

Fig.  Opossum.  Section  through  entire  cortex  and  hippocampus,  trans- 
verse section  in  front  of  the  anterior  commissure.  Six  layers.  I.  Neuroglia 
layer.  II  First  nucleary  zone,  cells  about  ,03  long,  in  the  upper  part  fusiform, 
below  pyramidal.  Ill,  First  granulary  layer.  IV.  Giant  cells  .04-.045  long. 
V.  Imperfect  second  granular  layer.  VI.  Transition  zone.  VII.  Fiber  zone. 
(Slide  19.) 

Fig.  5.  Opossum.  Section  through  hippocampus.  (No.  33.) 

Fig.  6.  Opossum.  mm.  in  front  of  crucial  sulcus  and  a little  nearer  the 
median  side  than  the  external.  Deep  layer  of  cells. 

Fig.  7.  Opossum.  Slide  22.  Deep  cortical  layer  toward  lateral  of  su- 
perior surface.  Corresponding  to  layer  4,  of  P'ig.  4.  Giant  cells.  Section 
transverse  and  just  in  anterior  part  of  anterior  commissure.  Cells  about  .04 
mm.  long. 

Fig.  8.  Opossum.  Slide  79.  Longitudinal  section  near  middle  of  hemis- 
phere, half  way  between  crucial  sulcus  and  front  giant  cell  layer. 

PLATE  VIII. 

C.  L.  Herrick. 

Fig.  I.  Section  through  one-half  the  thalamus  just  back  of  the  infundibu- 
lum. 

Fig.  2.  Similar  section  through  the  anterior  part  of  corpus  quadrigeminum 
a very  short  distance  back  of  the  preceeding. 
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Fig.  3.  Similar  section  a few  hundredths  of  a millimeter  farther  caudad. 

Fig.  4.  Portion  of  Fig.  i,  enlarged,  x 165. 

5‘9-  Portions  of  Fig.  2,  enlarged,  x 165. 

Fig.  \o.  Portion  of  Fig.  4,  enlarged,  x 165. 

PLATE  IX. 

C.  L.  Herrick. 

Fig.  I.  Transverse  section  through  the  anterior  corpus  quadrigeminum,  at 
the  point  of  the  4th  (oculo-motor)  nerve.  Ot.  Optic  tract  fibres.  As.  Aqueduct 
of  Sylvius.  Pp.  Pes  pedunculi.  Roots  of  nerve  IV. 

Fig.  2.  Section  somewtiat  farther  back.  Rph.  Raphe.  Z,  Lemniscus 
fibres. 

Fig.  3.  Section  still  further  back,  near  the  middle  of  the  corpora  quadrige- 
mina. 

Fig.  4.  Section  still  farther  back  at  the  anterior  margin  of  the  pons. 

Fig.  5.  Section  at  the  caudad  margin  of  corpus  quadrigeminum  anterior. 

Figs.  6-7.  Transverse  sections  of  corpus  striatum  in  sections  lying  between 
Fig.  6,  and  Fig.  7,  of  Plate  I.  More  highly  enlarged. 


PLATE  X. 

C.  L.  Herrick. 

Fig.  I.  Longitudinal  vertical  section  through  the  corpora  quadrigemina, 
somewhat  laterad  from  the  ventricle,  tr.  Tract  from  the  posterior  commissure. 
IV.  Root  of  the  trochlearsis.  tr.^  IV.  Tract  of  the  trochlearis  near  its  nucleus, 
n.  IV.  n.  III.  The  principal  portion  of  the  nucleus  of  the  oculo-motor.  III. 
Root  of  the  oculo-motor.  Mb.  Meynert’s  bundle  Inferiorly,  a portion  of  the 
pons  is  shown,  while  superiorly,  the  nates  and  testes  are  cut  nearly  medianly. 

Fig.  2.  Upper  portion  of  the  nucleus  of  the  third  nerve  of  the  left  side, 
(VI  r-15.) 

Fig.  3.  Lower  portion  of  nucleus  of  third  nerve. 

Fig.  4.  Nucleus  of  the  trochlearis. 

Fig.  5.  Median  portion  of  the  right  hemisphere  of  Lepus  Sylvaiicus,  to 
indicate  especially  the  position  of  hippocampal  commissure.  The  section  is 
somewhat  oblique,  i.  ^. , inclined  from  right  ventral  toward  the  left. 

Fig.  6.  Section  of  the  medulla  and  cerebellum  of  the  left  side  at  the  exit 
of  the  root  of  the  facialis  and  abducens. 

Fig.  7.  Portion  of  transverse  section  of  posterior  median  portion  of  hemi- 
spheres of  Blarina  brevicauda.  short-tailed  shrew,  especially  for  the  relations  of 
the  hippocampus  and  corpus  callosum. 
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PLATE  XL 
C.  L.  Herrick. 

The  figures  of  this  plate  are  chiefly  intended  to  facilitate  a comparison  of 
the  brain  of  Arctomys  with  other  animals. 

Fig.  I.  Median  longitudinal  section  of  the  brain  of  a young  raccoon,  Pro- 
cyon-  lotor.  The  interrupted  character  of  the  calloso-marginal  convolution  along 
its  margin  and  the  highly  convoluted  limbic  region  are  noteworthy.  The  prim- 
itive condition  seen  in  the  lack  of  a curvature  in  the  brain  axis  is  more  than  com- 
pensated for  by  the  backward  projection  of  the  cerebrum,  nearly  covering  the 
^compact  and  closely  convoluted  cerebellum.  The  relations  of  the  scarcely  arched 
corpus  callosum,  fornix,  anterior  commissure,  thalamus,  pineal  body,  and  mesen- 
cephalon, are  well  shown  in  the  figure. 

Fig.  2.  Dorsal  surface  of  a raccoon  of  the  same  age.  The  figures  indicate 
positions  stimulated  by  the  electric  current  as  described  in  the  text. 

3*  Ventral  surface  of  another  specimen  of  the  same  age,  somewhat 
shorter  than  when  in  natural  relations.  The  peculiar  relations  of  the  olfactory 
and  optic  tracts  are  noteworthy.  The  mammillary  bodies  and  the  plainly  indi- 
cated tracts  of  the  medulla  may  also  be  noted.  The  position  of  the  third,  fifth, 
seventh,  and  eighth  roots  alone  is  indicated.  j 

Fig.  4.  Dorsal  surface  of  cerebrum  of  adult  raccoon,  somewhat  shrunken 
and  distorted. 

P'ig.  5.  Dorsal  surface  of  cerebrum  of  a quarter  grown  pup.  x,  indicates 
a lesion  resulting  in  slight  motor  disturbance  of  the  hind  leg  of  the  opposite 
side. 

F^g.  6.  Ventral  surface  of  the  brain  of  a kitten.  With  eyes  still  closed. 

F^g,  7.  Dorsal  view  of  the  same  brain. 

F^gs.  8-1 1.  Transverse  sections  of  the  cerebrum  of  the  raccoon.  Fig.  9, 
22  mm.  back  of  anterior  margin.  Fig.  10,  36  mm.  back  of  anterior  margin  and 
just  back  of  the  chiasm. 

Fzg.  II.  Still  near  the  posterior  or  occipital  margin  of  the  hemispheres. 

F^^s.  12-I4.  Sections  of  the  brain  of  the  rabbit,  Lepus  sylvatims.  Fig.  12. 
View  of  corpora  quadrigemina  and  left  hemisphere  from  behind. 

Fig.  13.  Section  at  the  middle  region,  and 

Fig.  14.  Near  the  anterior  of  the  hemispheres. 

Figs.  15-17.  Cellular  structure  of  the  brain  of  the  oppossum,  Didelphys. 
Fig.  15.  Portion  of  the  cortex  in  front  of  crucial  sulcus  near  the  median  line. 
Fig.  16.  Cells  from  the  hippocampal  region.  Fig.  17.  An  instance  of  anasta- 
mosis  of  CO  ordinate  motor  pyramids. 

Figs.  8 19.  Ventral  and  lateral  views  of  brain  of  adult  opossum. 

Fig.  20.  Transverse  section  of  same  brain  at  anterior  commissure. 

PLATE  XII. 

C.  L.  Herrick. 

Fig.  I.  Horizontal  section  of  left  hemisphere  and  thalamus  behind  the  corpug 
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callosum,  where  the  peduncular  fibres  cross  to  the  thalamus. 

Fig,  2.  Cells  from  the  area  marked  ii,  in  Fig.  6. 

Fig.  3.  Cells  from  the  hippocampal  region  of  the  ground  hog,  the  ventricle 
being  at  the  right,  the  transition  int®  the  hip])ocampus  at  the  left,  to  show  the  two 
varieties  of  cells  at  the  ventro-caudad  part  of  the  posterior  cornu. 

Fig.  4.  Cells  from  the  fornix  body,  corresponding  to  b.  Fig.  8,  Plate  II.  The 
cells  are  .021  mm.  long. 

Fig.  5.  Brain  of  a second  individual  of  Arcto^nys  for  comparison  with  Fig. 
4,  Plate  V.  One-half  size. 

Fig.  6.  Transverse  section  of  brain  of  a kitten,  at  the  hippocampal  commis- 
sure. 

Fig.  7.  Section  of  the  cortex  at  2,  in  the  preceeding  figure. 

Fig.  8.  Portions  of  the  superficial,  middle  a.nd  deeper  parts  of  the  cortex,, 
adjacent  to  the  corpus  callosum  in  the  lobe  marked  i,  in  Fig.  6. 

PLATE  XIII. 

W.  G.  Tight. 

Fig^  I.  A transverse  section  of  the  cervical  region  at  the  entrance  of  the 
second  dorsal  nerve  root. 

a.  Nucleus  of  ventral  cornu. 

b.  Neck  of  dorsal  cornu.  * 

c.  Ventral  median  column. 

d.  Spinal  accessory  nerve. 

e.  Canalis  centralis. 

f.  Ventral  commissure. 

g.  Burdack’s  column. 

h.  Goll’s  column. 

Fig.  2.  A magnified  view  of  the  cells  from  the  cervix  of  the  dorsal  cornu. 
Fig.  I,  b. 

Fig.  3.  A magnified  view  of  the  motor  cells  of  the  ventral  cornu.  Fig.  i,  a. 

Fig.  4.  A transverse  section  of  the  cervical  region  of  the  cord  at  the , en- 

trance of  the  first  dorsal  and  exit  of  first  ventral  nerve  roots. 

a.  Cervix  of  dorsal  cornu. 

b.  Ventral  cornu  nucleus. 

c.  Ventro-lateral  cell-group  of  ventral  cornu. 

d.  Median  aggregation  of  cells. 

Fig.  5,  Magnified  view  of  cells  from  neck  of  dorsal  cornu.  Fig.  4,  a. 

Fig.  6.  Magnified  view  of  ventral  median  column  of  cross  section  of  nerve 
fibres. 

Fig.  7.  Magnified  view  of  cross  section  of  nerve  fibres  from  Goll’s  column. 
Fig.  I,  D. 

Fig.  8.  Magnified  view  of  cells  from  ventral  cornu  nucleus.  Fig.  4,  b. 

Fig.  9.  Magnified  view  of  cells  from  the  ventro-lateral  cell  group  of  ventral 
cornu.  Fig.  4,  c. 
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PLATE  XIV. 

W.  G.  Tight. 

Fig.  I.  A tran.sverse  section  of  medulla  at  the  first  appearance  of  the  decus- 
sation. 

a.  Entrance  of  small  bundle  of  Xlth  nerve  root. 

b.  Nucleus  of  ventral  cornu. 

c.  Nucleus  of  dorsal  cornu  cervix,  elevated. 

d.  Median  nucleus.  ^ 

e.  Commencement  of  ventro-dorsal  lateral  nucleus. 

Fig.  2.  Magnified  section  of  the  olivary  body  a,  as  seen  in  Fig.  6,  Plate 
XIV,  a. 

Fig.  3.  Magnified  view  of  a portion  of  c,  Fig.  5,  Plate  XIV. 

Fig.  4.  Magnified  view  of  e,  Fig.  6,  Plate  XIV. 

Fig.  5.  Cross  section  of  medulla  at  the  decussation,  just  caudad  to  the  oliv- 
ary body. 

a.  Decussation. 

b.  Median  nucleus. 

c.  Ventro-dorsal  lateral  nucleus. 

d.  Funiculus  gracilis. 

Fig.  6.  Cross  section  of  the  medulla  at  the  central  part  of  the  deccussation . 

a.  Olivary  body.  * 

b.  Ventro-dorsal  lateral  nucleus. 

€.  Decussation. 

d.  Ventral  portion  of  the  median  nucleus,  nucleus  of  the  Xllth  nerve. 

e.  Dorsal  portion  of  the  median  nucleus,  nucleus  of  Xlth  nerve. 

f.  Funiculus  gracilis. 


PLATE  XV. 

W.  G.  Tight. 

Fig.  I.  Cross  section  of  medulla  at  the  entrance  of  the  Xllth  nerve  root. 

a.  Nucleus  of  Xth. 

b.  Nucleus  of  Xllth. 

c.  Cuneate  nucleus. 

d.  Portion  of  the  formatio  reticularis. 

e.  Nucleus  of  the  raphe. 

f.  Entrance  of  the  Xllth  nerve  root. 

g.  Olivary  body. 

h.  Tubercle  of  Rolando. 

i.  Nucleus  laterale. 
k.  Pyramid. 

/.  Restiform  tract. 

Fig.  2.  Magnified  view  of  Fig.  i,  nucleus  of  Xth  nerve. 

Fig.  3.  Magnified  view  of  Fig.  i,  e,  raphe. 
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Fig.  4.  Magnified  view  of  Fig  i,  d,  formatio  reticularis. 

Fig.  5.  Magnified  view  of  Fig.  i,  b.,  nucleus  of  Xllth  nerve. 

Fig.  6.  Magnified  view  of  Fig.  i,  c,  a portion  of  cuneate  nucleus. 

PLATE  XVI. 

W.  G.  Tight. 

F/g  I.  Transverse  section  of  the  medulla  at  the  entrance  of  a small  bundle 
of  the  Xth  nerve. 

a.  Entrance  of  the  Xth  nerve. 

b.  Nucleus  of  the  Xth  nerve. 

c.  Nucleus  of  the  Xllth  nerve. 

d.  Olivary  body. 

e.  Pyramid. 

/.  Ventro-lateral  nucleus. 

g.  Restiform  body, 

h.  Raphe. 

Fig.  2.  Transverse  section  taken  at  the  entrance  of  some  fibres  of  the  nerve 
IXth,  root  and  first  fibres  of  VTIIth  nerve. 

a.  Nucleus  of  IXth  nerve. 

b.  Nucleus  of  Vllth  nerve. 

c.  Inner  portion  of  Vlllth  nucleus. 

d.  Restiform  Body. 

e.  Internal  reticular  nucleus. 

f.  Pyramid. 

g.  Fibres  from  the  Vlllth  root. 

h.  Dorsal  longitudinal  bundles. 

Fig.  3.  A transverse  section  of 'the  medulla  at  the  entrance  of  the  auditory 
(Vlllth)  nerve. 

a.  Nucleus  of  the  Vllth  nerve. 

b.  Deiter’s  nucleus  in  the  peduncle  ®f  the  cerebellum. 

c.  Nucleus  of  root  of  Vlllth  nerve. 

d.  Interior  of  VIII  nucleus. 

e.  Nucleus  of  the  raphe. 

/.  Restiform  body. 

g.  Pyramid. 

h.  Dorsal  longitudinal  bundles. 

i.  Entrance  of  Vlllth  nerve. 

Fig.  4.  Magnified  view  of  (Vl-^-ia),  multipolar  cells  of  the  nucleus  of  the 
Vllth  nerve. 

Fig.  5.  Magnified  view  of  cells  from  Deiter’s  nucleus. 

Fig.  6.  A longitudinal  section  of  the  medulla  taken  parallel  to  the  base  at 
the  level  of  the  Vth  and  Vlllth  nerves. 
a.  Entrance  of  the  Vlllth  nerve. 
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b.  Nucleus  of  root  Vlllth  nerve. 

c.  Root  of  Vth  nerve. 

d.  Nucleus  of  Vth  nerve. 

e.  Openings  left  by  the  removal  of  the  fibre  bundles  of  VI  and  VII. 

PLATE  XVII. 

W.  G.  Tight. 

Fig.  I.  A transverse  section  of  the  medulla  a little  cephalad  from  Fig,  3, 
Plate  XVI. 

a.  Entrance  of  VIII th  nerve. 

b.  Nucleus  of  Vlllth  nerve  root. 

c.  Deiter’s  nucleus. 

d.  Nucleus  of  Vlth  nerve. 

e.  Olivary  body. 

f-  Genu  of  Vllth  nerve. 

Fig.  2.  A transverse  section  of  the  medulla  taken  at  the  entrance  of  the 
Vllth  and  Vlth  nerves, 

a.  Entrance  of  the  Vllth  nerve. 

b.  Genu  of  the  Vllth  nerve. 

c.  Entrance  of  fibres  of  Vlth  nerve. 

d.  Nucleus  of  Vlth  nerve. 

e.  Olivary  body. 

f.  Deiter’s  nucleus. 

g.  Internal  nucleus  of  Vlllth  nerve. 

Fig.  3.  A transverse  section  of  the  medulla  and  cerebellum  taken  at  the  en- 
trance of  the  caudad  bundle  of  the  Vth  nerve. 

a.  Fibres  of  Vth  nerve. 

b.  Motor  nucleus  of  Vth. 

c.  Sensory  nucleus  of  Vth  nerve. 

d.  Olivary  body. 

e.  Cephalad  extension  of  internal  nucleus  of  Vlllth  nerve. 

f.  Spur  from  Deiter’s  nucleus. _ Fig.  305  reduced  somewhat  below  the  size 
of  the  other  figures  in  order  to  show  the  form  and  arrangement  of  the  cross-section 
of  the  cerebellum. 

Fig.  4.  Magnified  view  of  cells  from  the  motor  nucleus  of  Vth  nerve,  Fig.  3 <5. 
Fig.  5.  A cluster  of  cells  from  the  nucleus  of  the  Vlth  nerve,  Fig.  2-d. 

PLATE  XVIII. 

W.  G.  Tight. 

Fig.  I.  A transverse  section  of  the  medulla  taken  at  the  entrance  of  the  Vth 
nerve. 

a.  Root  of  Vth  nerve. 
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b.  Motor  nucleus  of  Vth  nerve. 

c.  Sensory  nucleus  of  Vth  nerve. 

d.  Nucleus  of  pons. 

e.  Dorsal  longitudinal  bundles. 

f.  Pyramidal  tract, 

Ftg.  2.  Magnified  view  of  cells  from  the  olivary  body.  Plate  XVII  Fig.  2. 

Fig.  3.  A transverse  section  of  the  medulla  at  the  entrance  of  the  fourth 

nerve,  in  the  region  of  the  valve  of  Vieussens. 

a.  Nucleus  of  the  pons, 

b.  Cell  cluster  in  the  median  gray  mass. 

c.  Dense  group  of  small  cells  in  the  median  gray  mass. 

d.  Decussation  of  I Vth  nerve. 

e.  Root  of  IVth  nerve  passing  cephalad  to  its  nucleus. 

f.  Dorsal  longitudinal  bundles. 

g.  Pyramidal  tract. 

Fig.  4.  Magnified  cells  from  the  nucleus  of  the  pons,  (VI.<--28-«.) 

Fig.  5.  Magnified  cells  from  central  gray  mass  taken  at  b.  Fig.  3. 

Fig.  6.  A longitudinal  vertical  section  taken  near  the  side  of  the  medulla 
and  embracing  the  lateral  portion  of  the  cerebellum. 

a.  Root  of  Vth  nerve. 

b.  Inferior  peduncle. 

c.  Root  of  Vlllth  nerve. 

d.  Nucleus  of  Vlllth  nerve. 

Fig.  7.  Magnified  cells  from  the  central  gray  mass,  taken  ate,  Fig.  3. 

PLATE  XIX. 

C.  L.  Herrick. 

Fig.  I.  Vertical  longitudinal  section  of  the  hemisphere  through  the  lateral 
part  of  the  optic  chiasm.  Fd.  Peduncular  fibres  in  the  corpus  striatum,  An- 

terior commissure.  Oi.  tr.  Olfactory  tract.  0.  tr.  Optic  chiasm,  y.  Nucleus 
above  the  ventral  tract,  a.  isolated  tract  in  the  thalamus,  c.  st.  Stratum  zonale 
Ftr.  Descending  tract  of  the  nates.  Np.  Peduncular  nucleus.  V.  Upper  nucleus 
of  trigeminus,  Vi.  Lower  nucleus  of  trigeminus.  VII.  Root  fibres  of  facial 
nerve.  X.  Nucleus  of  auditory  nerve. 

Fig.  2.  Horizontal  longitudinal  section  at  the  level  of  the  third  roots  and 
anterior  commissure.  Anterior  portion  from  a section  a little  higher  than  the  re- 
mainder. C.s.  Corpus  striatum.  a.c.  Anterior  commissure.  o.t.r.  Olfactory 
tract,  f.  P'ornix  tracts.  Pd.  Peduncular  tracts  radiating  to  the  corpus  Striatum. 
f.  Fornix  fibres  passing  dorsad,  c.^.  Corpus  geniculatum.  III.  Nucleus  of  ocu- 
lo-motor  nerve.  IV.  N ucleus  of  pathetic  nerve,  n.  Interpathetic  nucleus.  Vi. 
Motor  nucleus  of  trigeminus.  B.c.  Bladder  cells  of  trigeminus.  V.  Traet  of 
trigeminus  from  aqueduct,  etc.  Vii.  Caudad  nuclei  of  the  trigeminus.  Vr. 
Root  fibres  of  trigeminus,  /i.  Cut  section  of  dorsal  tract  to  hemispheres.  See 
Fig.  I,  L.  tr. 
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Fig.  3.  Cells  from  the  pons  nucleus  near  its  caudad  portion  on  the  left  side. 
The  arrow  points  backward. 

Fig.  4,  A portion  of  the  two  nuclei  of  the  fifth,  corresponding  to  the  point 
at  Be.  Fig.  2,  but  on  the  opposite  side,  a illustrates  the  motor,  b the  bladder  cells. 
The  arrow  points  backward.  Both  are  drawn  to  the  same  scale  with  camera  luci- 
da  from  the  section  shown  in  part  in  Fig.  2. 

Fig.  5.  Cells  from  nucleus  of  facialis  to  show  the  processes. 

Fig.  6.  Semi-diagramatic  section  perpendicularly  through  the  four  outer  lay- 
ers of  the  nates,  including  the  outer  part  of  the  tectum. 
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ERRATA. 


seventeenth  line  from  top,  read  County,  instead  County. 
Page  25,  fifth  line  from  last,  a period  after  abundant.* 
fourth  line  from  last,  a comma  after  this. 

Page  25,  second  line  from  last,  read,  Proetus  haldemani. 

Page  26,  thirteenth*  line  from  last,  read,  Allorisma  consanguinata. 
tenth  line  from  last,  read,  Spirifer  striatifo7'mis. 
eighteenth  line  from  top,  read,  18  inches. 

Page  27,  eleventh  line  from  last,  read,  Syringothyris. 

Page  28,  tenth  line  from  top,  read.  Hem.  crenistria. 

Page  28,  eighth  line  from  last,  read,  Syringothyris  carteri. 

Page.  28,  last  line,  read,  Poisidenomya. 

fifteenth  line  from  last  read,  Syringothyris  carteri. 
fifth  line  from  last,  read,  alternating  shales, 
eighteenth  line  from  last,  read,  Syriopecten  nodocostatus,  and 
Chcenetes  tumida. 

Page  30,  last  line,  read,  Hemipronites  crenistria. 

Page  31,  twentieth  line  from  last,  read,  Solenomya  cuyahogensis. 

Page  31,  nineteenth  line  from  last,  read,  Macredon  teniUstriata. 

Page  33.  eleventh  line  from  top,  read,  Taxicrimis  communis. 

Page  33,  sixteenth  line  from  top,  read,  Decadocrinus pleias. 

Page  34,  seventh  line  from  top,  read,  Palceoneilo  iruncata. 

Page  34,  fourth  line  from  last,  read,  Proetus  haldemani 

[The  author  of  the  papers,  The  Waverly  Group”  and  Tabu- 
lated List  of  Fossils,”  not  having  read  the  proofs,  should  be  exoner- 
ated from  mistakes  in  typography.] 

Page  38,  4th  line  from  bottom.  For  Protyon  read  Procyon. 

Page  41,  1 8th  line  from  bottom.  For  thalmus  read  thalamus. 

Page  42,  9th  line  from  top.  Reverse  position  of  commissure  posterior. 
Page  45,  14th  line  from  top.  For  restiforrn  read  restiforme. 

Page  49,  I St  word.  For  arber  read  aber. 
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Has  a beautiful  and  healthful  location;  a large  and  able 
faculty,  Classical,  Scientific  and  English  courses  of  study; 
Preparatory  and  Collegiate  departments;  a well  organ- 
ized Academy;  a number  of  Free  Scholarships;  an  ex- 
cellent working  Library;  Laboratories  and  Work- 
shop, with  steam  lathes,  and  iron  and  wood-working 
machinery;  ample  Chemical  and  Physical  Apparatus; 
special  provision  for  advanced  students;  facilities  for 
original  work  in  Science;  good  buildings  and  pleasant 
grounds;  opportunities  for  self-help  to  students. 

EXPENSES-  UNUSUALLY  LOW. 

Fall  Term  begins  Thursday,  September  i8,  1890. 

For  Catalogues  or  further  information,  address 

D.  B.  PURINTON, 

Granville,  Ohio.  President. 
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We  desire  to  take  this  opportunity  to  extend  our  thanks  to  our 
numerous  friends  who  have  contributed  to  the  museum  of  the  Associ- 
ation and  to  its  library;  to  those  also  who  have  contributed  largely  to 
the  support  of  this  publication ; to  Mr.  E.  S.  Clark  for  a fine  collection 
of  plants  and  sea  algae  from  Colorado  and  the  Pacific  coasts  respect- 
ively ; to  Mr.  J.  Sanford  for  a collection  of  fishes  from  Lake  Erie ; to 
the  University  of  Heidelburg,  O.,  for  a fine  set  of  geological  casts 
for  the  section  of  geology,  and  to  numerous  scientific  societies  and 
institutions,  which,  by  their  generous  exchanges,  have  increased  the 
value  of  our  library. 

It  has  been  found  necessary  to  postpone  the  publication  of  one  of 
the  articles  intended  for  this  volume  until  the  close  of  the  year,  so 
that  more  time  might  be  had  for  work,  therefore  this  volume  will 
appear  in  two  parts. 


Exchangk  List. 


The  following  is  the  list  of  universities,  academies,  societies,  indi- 
viduals, etc. , which  make  equal  exchange  with  The  Bulletin  of  the 
Scientific  Laboratories  of  Denison  University,  and  to  which  the 
Denison  Scientific  Association  expresses  thanks  for  many  and  valuable 
additions  to  its  library. 

Others  who  desire  to  make  exchanges  with  the  Association  for  its 
Bulletin,  will  please  address  the  Permanent  Secretary  of  the  Denison 
Scientific  Association,  Denison  University,  Granville,  Ohio. 

AMERICA  (NORTH.) 

UNITED  STATES. 

Albany,  N.  Y., 

State  Library. 

Amherst,  Mass., 

Amherst  College,  Scientific  Department. 

Baltimore,  Md., 

Biological  Laboratories. 

Johns  Hopkins  University. 

Journal  of  Psychology. 

Boston,  Mass., 

American  Academy  of  Arts  and  Sciences. 

Public  Library. 

^Bloomington,  Ind., 

Indiana  University. 

Brookville,  Ind., 

Brookville  Society  of  Natural  History. 

Cambridge,  Mass., 

Museum  of  Comparative  Zoology. 

Peabody  Museum  of  American  Archaeology  and  Ethnology. 
Champaign,  III., 

State  Laboratory  of  Natural  History. 
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UNITED  STATES— Continued. 

Chapel  Hill,  N.  C., 

Elisha  Mitchell  Scientific  Society. 
Cincinnati,  O., 

Society  of  Natural  History. 

Columbus,  O., 

Meteorological  Bureau. 

Geological  Survey. 

Columbia,  Mo., 

State  University. 

Crawfordsville,  Ind., 

Botanical  Gazette. 

Davenport,  Ia., 

Davenport  Academy  of  Natural  Sciences. 

Iowa  City,  Ia., 

State  University  Laboratories. 

Indianapolis,  Ind., 

Geological  Survey. 

Ithica,  N.  Y., 

Cornell  University. 

Lincoln,  Neb., 

Nebraska,  University. 

Madison,  Wis., 

Natural  History  Society  of  Wisconsin. 
Meriden,  Conn., 

Scientific  Association. 

Milwaukee,  Wis., 

Public  Museum. 

Minneapolis,  Minn., 

Academy  of  Natural  Sciences. 

American  Geologist, 

Geological  and  Natural  History  Survey. 
University  of  Minnesota. 

New  Haven,  Conn., 

Connecticut  Academy  of  Arts  and  Sciences. 
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UNITED  STATES— Continued. 

New  York,  N.  Y., 

Academy  of  Science, 

American  Museum  of  Natural  History. 
Microscopical  Society, 

Torry  Botanical  Club. 

Philadelphia,  Pa,, 

Academy  of  Natural  Science. 

American  Philosophical  Society. 

American  Naturalist. 

Rochester,  N.  Y., 

University  of  Rochester. 

Salem,  Mass., 

Essex  Institute. 

Peabody  Academy  of  Science. 

San  Francisco,  Cal., 

California  Academy  of  Science. 

Springfield,  Mass., 

Historical  Library. 

Springfield,  III., 

Geological  Survey. 

St.  Louis,  Mo., 

Academy  of  Sciences. 

Botanical  Garden. 

Topeka,  Kas., 

Washburn  Laboratories  of  Natural  History. 

Tuscaloosa,  Ala., 

Geological  Survey. 

Trenton,  N.  J., 

Trenton  Natural  History  Society. 

Washington,  D.  C., 

Geological  Survey. 

United  States  National  Museum. 
Philosophical  Society. 

National  Academy  of  Science. 
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AMERICA  (BRITISH.) 

CANADA. 

Montreal  (Quebec,) 

The  Canadian  Record  of  Science. 
Royal  Society  of  Canada. 

Natural  History  Society. 

Toronto  (Ontario,) 

Canadian  Institute. 


AMERICA  (CENTRAL.) 


MEXICO. 


Mexico, 

Sociedad  Mexicana  de  Historia  Natural. 
(Mexican  Natural  History  Society.) 


AMERICA  (SOUTH.) 
ARGINTINE  REPUBLIC. 

Buenos  Aires, 

Sociedad  Cientifica  Argentina. 
(Argentine  Scientific  Society.) 


BRAZIL. 


Rio  de  Janeiro, 

Museu  Nacional  (National  Museum.) 


ASIA. 

JAPAN. 

Tokio, 

Tokio  Daigaku  (Imperial  University.) 


AUSTRALIA. 


NEW  SOUTH  WALES. 


Sidney, 

Linnean  Society  of  New  South  Wales. 


SOUTH  AUSTRALIA. 


Adelaide, 

Royal  Society  of  South  Australia. 


VICTORIA. 


Melbourne, 

Royal^Society  of  Victoria. 
Philosophical  Institute^of  Victoria. 
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EUROPE. 

AUSTRIA-HUNGARY. 

Gratz  {Styria,) 

Der  Naturwissenschaftliche  Verein  fur  Steiermark  {Society  of 
Natural  Science.) 

Prag  {Bohemia ,) 

Kaiserliche  bohmische  Gesellschaft  der  Wissenschaften  {Royal 
Bohemian  Society  of  Science.) 

Wien  {Austria,) 

Kaiserliche  Akademie  der  Wissenschaften  {Imperial  Academy 
of  Science.) 

BELGIUM. 

Bruxelles  {Brussels,) 

Academie  Royale  des  Sciences,  des  Lettres  et  des  Beaux  Arts 
de  Belgique  ( Royal  Academy  of  Sciences,  Letters  and  Fine 
Arts  of  Belgium.) 

Musee  Royal  d’  Historie  Naturalle  de  Belgique  {Royal  Museum 
of  Natural  History  of  Belgium.) 

DENMARK. 

Kjobenhaven  ( Copenhagen, ) 

Kongelige  Danske  Videnskabernes  Selskab  {Royal  Danish 
Society  of  Sciences.) 

FRANCE. 

Angers, 

Societe  d’  Etudes  Scientifiques  {Society  of  Scietific  Studies.) 
Cherbourg  {Mane he,) 

Societe  Nationale  des  Sciences  Naturelles  et  Mathematiques 
de  Cherbourg  {Society  of  Natural  Sciences  and  Mathematics 
c of  Cherbourg. ) 

Nancy, 

Societe  des  Sciences  de  Nancy  {Society  of  Sciences  of  Nancy.) 

Paris, 

Societe  Zoologique  de  France  {Zoological  Society  of  France.) 
Societe  Geologique  de  France  {Geological  Society  of  France.) 
Rouen, 

La  Societe  des  Amis  des  Sciences  Naturalles  {The  Society  of  the 
Friends  of  Natural  Sciences.) 
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GERMANY. 

Berlin  {Prussia.) 

Konigliche  (Preussiche)  Akademie  der  Wissenschaften  [Royal 
Prussian  Academy  of  Sciences.) 

Bremen  [Germany) 

Naturwissenschaftlicher  Verein  [Society  of  Natural  Sciences.) 
Dresden  [Saxony) 

Gesellschaft  f-Natur-imd  Heil-kunde  [Society  of  Natural  and 
Medical  Sciences.) 

F RANKFORT-  AM-MaIN, 

Senckenbergische  Naturforschende  Gesellschaft  [Senckenberg 
Naturalists’  Society. ) 


Gotten  GEN  [Prussia) 

Konigliche  Gesellschaft  der  Wissenschaften  [Royal  Society  of 
Sciences. ) 

Halle-an-der-Saale  [Prussia) 

Kaiserliche  Leopoldini  Carolina  Akademie  der  Deutschen 
Naturforscher  [Imperial  Leopold- Carolus  Academy  of  Ger- 
man Naturalists. ) 

Naturforschende  Gesellschaft  [Naturalists’  Society.) 

Heidelberg  [Baden) 

Naturhistorisch-Medicinischer  Verein  [Society  of  Natural  and 
Medical  Sciences. ) 

Konigsberg-in-Prussen  [Prussia) 

Die  Konigliche  Physikalisch  Oekonomische  Gesellschaft  [Royal 
Physico- Economical  Society.) 

Jena  Medicinisch  Naturwissenschaftliche  Gessellschaft  [Medical 
Natural  Science  Society.) 

Munchen  [Bavaria) 

Kbniglich-Baierische  Akademie  der  Wissenschaften  [Royal  Ba- 
varian Academy  of  Sciences.) 


GREAT  BRITAIN  AND  IRELAND. 


Bristol, 

Naturalist  Society. 

Bath, 


ENGLAND. 


Journal  of  Microscopical  Society. 
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ENGLAND — Continued. 

Cambridge, 

Philosophical  Society. 

London, 

Geological  Survey  of  the  United  Kingdom. 
Patent  Ofhce  Library. 

Manchester, 

Literary  and  Philosophical  Society. 


Dublin, 

Royal  Dublin  Society. 
Royal  Irish  Society. 


IRELAND. 


SCOTLAND. 

Edinburgh, 

Royal  Society  of  Edinburgh. 
Glasgow, 

Natural  History  Society  of  Glasgow. 


ITALY. 

Napoli  {Naples,) 

Reale  Academie  delle  Scienze  Fiesiche  e Mathematiche  {Royal 
Academy  of  the  Physical  and  Mathematical  Sciences.) 

Societa  Reale  Di  Napoli  {Royal  Society  of  Naples.) 

Lugano, 

Societe  Helvetique  des  Sciences  Naturelles  {Helvetian  Society  of 
Natural  Sciences. ) 

Rome, 

Officio  Geologico  {Geological  Office.) 

Solothurn, 

Naturforschende  Gesellschaft  {Society  of  Naturalists.) 

Torino  {Turine,) 

R.  Academia  delle  Scienza  {Royal  Academy  of  Science.) 


NORWAY. 


Christiana, 

Norske  Geologiske  Undersaegelse  {Norwegian  Geological  Sur- 
vey.) 
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RUSSIA. 

Moskva  [Moscow,) 

Imp.  Moskofskoie  Obshchestyo-Ispytatetei  [hnperial  Moscow 
Society  of  Naturalists .) 

Riga, 

Obshchestyo  lestestyo-Ispytatelei  [Society  of  Naturalists.) 
Sankt-Petersburg  [St.  Petersburg.) 

Comiti  Geologiqiie  [Geological  Society.) 

Institute  des  Mines  [Institute  of  the  Mines.) 

SPAIN. 

Madrid, 

Real  Academia  de  Sciencias  de  Madrid  [Royal  Academy  of  Sci- 
ences ^ of  Madrid.) 

SWEDEN. 

Lund, 

Acta  Universitates  Lundensis  [Royal  University  of  Lund.) 
Stockholm, 

Kongligi  Svenski  Vetenskaps  Akademien  [Royal  Swedish 
Academy  of  Sciences  ) 

Sveriges  Geologiska  Undevsokning  [Swedish  Geological  In- 
stitute) 

Upsala, 

Kongliga  Vetenskaps  Societaten  [Royal  Society  of  Sciences.) 

SWITZERLAND. 

Basel, 

Naturforschende  Gesellschaft  [Society  of  Naturalists.) 

Bern, 

Naturforschende  Gesellschaft  [Society  of  Naturalists.) 


SOME  OBSERVATIONS  ON  THE  CRUSHING  EFFECTS  OF 
THE  GLACIAL  ICE  SHEET. 

W.  G.  Tight. 

It  has  been  our  privilege  to  devote  considerable  time  of  late  to 
the  study  of  the  drift  deposits  of  Licking  county,  including  also  a 
study  of  the  effects  of  the  continental  glacier  in  modifying  the  topog- 
raphy. This  region  offers  a very  interesting  field  for  work,  as  it  is 
located  just  on  the  limiting  line  marking  the  probable  advance  of  the 
ice  cap.  Part  of  the  county  being  beyond  the  margin  of  the  ice,  and 
part  evidently  effected  by  it. 

While  the  work  is  intensely  interesting,  it  is  at  the  same  time  ex- 
ceedingly difficult,  due  to  the  subsequent  action  of  the  waters  of  the 
Champlain  and  Terrace  epochs,  thus  working  over  and  destroying 
the  glacial  deposits,  and  also  on  account  of  the  character  of  the  rocks 
acted  upon,  which  are  of  a soft  character  and  easily  affected  by  disin- 
tegrating forces,  so  that  the  direct  action  of  the  ice,  such  as  glaciation 
and  scoring,  is  entirely  lost.  A more  extended  account  of  the  results 
of  the  work  done  on  this  subject  will  appear  in  some  subsequent  vol- 
ume of  the  Bulletin.  At  the  present  writing  we  desire  to  call  atten- 
tion to  a few  observations  made  at  different  points  in  some  of  the 
numerous  quarries  of  the  county  on  the  character  of  the  disintegra- 
tion, and  we  offer  them  at  this  time,  with  the  suggestions  which  they 
have  aroused  in  our  mind,  not  as  representing  any  finished  work,  but 
more  to  direct  attention  to  the  subject  and  elicit  any  criticisms  and 
suggestions  which  may  be  offered,  and  to  learn  whether  anything  has 
been  done  in  this  direction,  and  if  so,  where  the  desired  literature 
concerning  it  may  be  obtained.  Any  information  on  this  subject  will 
be  thankfully  received.  Our  attention  was  first  directed  in  this  line 
while  on  a little  geological  excursion  with  our  class.  We  were  struck 
with  the  peculiar  fractured  appearance  of  the  waste  or  surface  rock 
above  the  solid  stone  employed  by  the  quarrymen.  The  first  quarry 
studied  is  located  a mile  north  of  Newark.'  Plate  A is  from  a photo- 
graph showing  about  half  of  the  quarry,  which  is  located  near  the 
top  of  a high  hill  about  a hundred  feet  above  the  creek  bed.  The 
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rock  is  the  common  freestone  used  so  extensively  for  foundation  work 
and  building  purposes.  In  Plate  A can  be  seen  the  face  of  the  solid  . 
rock  which  is  worked,  and  a considerable  portion  of  the  broken  ma- 
terial above  it.  Nejr  the  center  of  the  illustration  will  be  seen  a large 
block  of  the  harder  portion  of  the  rock,  which  has  its  corner  broken 
by  quite  a number  of  curved  fracture  lines  nearly  parallel  to  each 
other  and  making  almost  a perfect  truncation  of  the  corner.  These 
broken  portions  have  slipped  quite  a little  on  the  block  in  a downward 
direction,  as  seen  by  the  fine  lamination  lines,  thus  indicating  that  the 
fracturing  force  was  from  above  in  a vertical  line  or  but  varying 
slightly  from  the  vertical,  and  that  it  was  not  lateral,  else  the  motion 
would  have  been  in  the  other  direction.  Plate  B represents  a view  of 
the  rocks  above  the  quarried  rock  in  the  same  exposure,  but  on  a little 
larger  scale.  Here  it  can  be  seen  the  rocks  are  fractured  into  all 
kinds  of  forms,  having  all  sorts  of  curved  and  irregular  faces,  and  it 
is  impossible  to  trace  any  continuous  jointing  or  stratification  planes. 
However,  in  the  individual  fragments  it  is  evident  that  the  planes  of 
stratification  have  been  functional  in  determining  form.  On  the  top 
of  this  hill  was  found  a number  of  erratics,  and  on  the  south  side  of  the 
hill  is  a large  deposit  or  glacial  drift. 

The  next  quarry  illustrated,  is  located  about  one  and  a half  miles 
south  of  Newark,  and  was  chosen  because  it  was  about  on  an  equal 
elevation  with  the  first,  and  the  exposure  can  be  identified  as 
being  of  exactly  the  same  geological  horizon,  by  a thin  layer  of 
coarse  grained  sandstone  which  is  present  in  both.  If,  however,  we 
study  the  rocks  in  this  quarry,  as  will  be  seen  in  Plates  C and  D, 
which  are  taken  from  different  parts  of  the  same  exposure,  we  will  find 
that  they  are  broken  largely  in  but  two  directions,  one  along  the 
planes  of  stratification,  which  can  be  followed  through  the  whole 
quarry,  no  matter  how  near  we  approach  the  surface,  the  other  almost 
at  right  angles  to  the  first,  vertical  or  nearly  so,  and  corresponding 
in  direction  to  the  joint  planes  of  the  underlying  harder  rock.  It  will 
be  seen  also  in  Plate  D especially,  that  no  matter  how  close  the  rocks 
may  come  to  the  surface  at  the  side  of  the  hill  there  is  no  apparent 
breaking  over  in  concoidal  fractures.  We  also  notice  that  the  disinteg- 
ration depends  almost  entirely  upon  the  varying  composition  of  the 
individual  strata.  No  erratics  were  found^on^top  of  this  hill,  al- 
though they^were  quite  abundant  in  the  proximate  valley,  and  drift 
material  is  also  abundant  at, the  bases  of  the  neighboring  hills,  Many 
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Other  minor  points  might  be  mentioned  which  bear  on  the  subject,  but 
as  this  is  not  intended  as  an  exhaustive  treatise,  they  will  be  omitted 
for  subsequent  consideration.  The  facts  presented  indicate  that  the 
rocks  of  one  quarry,  those  represented  by  Plates  A and  B,  ha\^e  been 
subjected  to  a tremendous  pressure,  and  the  others  have  not,  or  at 
least  not  to  such  an  extent.  That  the  pressure  in  the  first  case  was 
from  a superposed  burden  and  not  a lateral  force.  And  it  is  evident 
that  the  burden  has  been  subsequently  removed.  We  believe  that 
the  first  named  quarry  was  covered  by  the  ice  sheet,  and  that  the  sec- 
ond quarry  considered  was  not  so  covered,  and  would  suggest  it  as  a 
possible  means  of  determining  the  extent  of  the  ice  front  in  re- 
gions where  the  country  rock  is  easily  fractured  and  presented  in 
erosion  hills. 

As  far  as  our  observations  on  other  exposures  have  extended  we 
think  they  sustain  us  in  our  views,  those  within  the  glacial  region  show- 
ing evident  marks  of  fracture  by  superposed  burden  and  those  beyond 
the  recognized  limits  showing  no  such  evidence.  From  the  curved 
forms  of  the  fracture  spoken  of  in  Plate  A,  and  shown  in  many  other 
instances  in  a more  or  less  decided  manner,  it  has  been  suggested  that 
data  might  be  derived  by  which  the  thickness  of  the  ice,  or  at  least 
the  amount  of  the  breaking  force  m.ight  be  determined.  Apparatus 
is  now  under  construction  for  studying  the  resistance  of  blocks  of  the 
rock  of  different  dimensions  to  a crushing  force,  and  the  forms  of  the 
fractures  produced.  There  are  many  difficulties  to  be  overcome  and 
many  modifying  influences,  but  it  forms  at  least  a very  inviting  field 
for  investigation.  The  illustrations  are  all  from  photographs  taken 
and  prepared  by  the  author. 
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BIOLOGICAL  .NOTES  UPON  FIBER,  GEOMYS  AND 
ERETHYZON. 

By  C.  L.  AND  C.  JuDSON  Herrick. 

It  has  been  considered  appropriate  to  prefix  to  the  account  by  one 
of  us  of  certain  neurological  peculiarities  of  the  above  mentioned  ro- 
dents, a brief  statement  respecting  their  habits  and  some  points  in 
their  anatomy  more  or  less  directly  bearing  upon  their  nervous  struc- 
tures. The  three  groups  are  widely  separated,  and  yet  have  a number 
of  curious  similarities,  or  rather  agree  in  certain  differences  from  other 
rodents  in  a way  which  may  serve  to  justify  the  comparison  as  well 
as  the  contrasting  of  the  types  selected. 

The  Muskrat,  Fiber  zihethicus^  is  sufficiently  well-known  to 
every  one,  and  yet  perhaps  few  are  aware  of  the  extent  to  which  the 
animal  adapts  itself  to  the  varying  conditions  of  its  environment. 
One  who  casually  learned  to  know  the  water  rat  in  one  of  our  western 
states  might  pass  many  years  in  Ohio  without  recognizing  the  fact  that 
the  same  animal  abounds  in  Ohio,  and  under  the  changed  conditions 
here  prevailing  adopts  an  almost  wholly  different  method  of  life.  It 
would  be  more  accurate  to  say  that  in  the  cold  North-west,  with  its 
luxus  of  small  lakes  and  marshes,  the  monotonous  career  of  the  ani- 
mal expands  in  conformity  with  the  greater  variety  of  aquatic  stations. 

The  muskrat  is  a truly  Arvicoline  rodent,  that  is,  its  affinities  are 
with  the  field  mice  rather  than  with  the  jumping  mice  [Hesperomys)  or 
oriental  rats  and  mice  {Mas).  Though,  at  first  sight,  very  different 
from  Arvicola,  the  chief  differences  in  Fiber  are  such  as  are  obviously 
adapted  to  aquatic  habit.  The  long,  laterally  flattened,  scaly  and 
naked  tail,  small  ears,  obliquely  set  and  fringed  hind  feet  with 
webbed  toes  are  all  modifications  induced  by  accommodation  to 
acquatic  habit.  The  dark  brown  fur  is  long,  with  a liberal  admixture 
of  long,  stiff,  glossy  hairs  of  a darker  color  than  the  rest.  The  color 
and  texture  varies  with  the  season  and  in  early  summer  rats  may  be 
found  with  a curiously  tufted  or  mottled  pelage.  There  are  six 
mammae  and  strongly  developed  perineal  glands  which  are  responsible 
for  the  peculiar  musky  odor  implied  by  the  name.  The  secretion  is 
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often  used  by  trappers  for  the  more  expensive  castoreum  in  preparing 
“scent”  used  in  baiting  traps. 

As,  already  indicated,  the  habits  of  the  muskrat  are  subject  to 
considerable  variation.  Its  usual  home  is  a long  burrow  opening  be- 
neath the  surface  of  the  water  and  'passing  many  yards  into  the  bank, 
terminating  in  a cosy  nest  beneath  the  protecting  roots  of  a tree.  It 
is  here  that  young  are  reared  and  from  these  burrows  the  entire  family 
may  be  seen  emerging  at  twilight  to  engage  in  swimming  races,  games 
of  tag,  and  sportive  contests  upon  the  surface  of  the  stream.  The 
head  and  rudder-like  tail  alone  project  above  the  surface  and  the  long 
V-like  diverging  ripples  which  are  created  by  the  rapid  swimmer  soon 
span  the  entire  stream  and  stand  out  in  bold  relief  as  they  catch  the 
sky  tints  at  sun  set.  In  regions  not  frequented  by  man  or  sufficiently 
protected  by  trees  long  run-ways  may  be  traced  from  these  burrows 
into  neighboring  meadows  or  wheat-fields.  The  family  is  large  and  the 
appetite  is  extensive  if  not  critical.  Almost  anything  of  a vegetable 
nature  will  be  tolerated  but  the  corm-like  roots  of  rushes  and  the 
rhizomes  of  the  water-lily  as  well  as  flag  roots  are  relished.  The  fran- 
tic and  grotesque  haste  with  which  the  rat  when  disturbed  rushes  down 
the  run  way  toward  the  water,  oblivious  to  any  obstacle,  is  very 
amusing  and  sometimes  startling  and  may  have  given  rise  to  the 
stories  of  fierce  on-slaughts  upon  man.  Young-man-afraid-of-his- 
shadow  might  readily  consider  himself  beset  as  the  excited  rat  comes 
crashing  down  his  path  regardless  of  everything  but  his  destination. 
Nevertheless  there  seems  to  be  considerable  evidence  that  old 
“rogue”  rats  are  decidedly  irascible,  and  a worried  mother  rat  may 
over-step  the  bounds  of  etiquette  in  defence  of  her  young.  The  bur- 
rowing habits  of  the  rat  associate  him  with  the  cray-fish  and  other 
enemies  of  canals  and  dams.  Even  in  the'  vicinity  of  a large  city  like 
Cincinnati  large  numbers  are  annually  taken  in  the  canal-banks  for 
their  skins,  which,  when  in  prime  condition,  bring  15  to  18  cents 

The  comparatively  simple  domicile  above  described  is  adequate 
for  the  southern  states  and  flowing  waters  but  in  Wisconsin  and  Min- 
nesota the  conditions  are  very  different.  Nearly  every  quarter  section 
has  its  small  lake  or  pond  and  these  pools  are  shallow  and  mostly  filled 
with  weeds.  Here  the  muskrat  finds  congeneal  resorts.  Even  in  the 
bleak  prairies  the  sloughs  and  ponds  fairly  swarm  with  these  furry 
denizens.  Here  the  intense  cold  of  winter  freezes  all  standing  water 
to  a depth  of  over  four  feet  so  that  the  openings  of  the  summer  homes 
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of  the  rat  are  sealed  for  four  or  five  months  and  he  is  forced  to  con- 
struct a building  suited  to  the  seemingly  infelicitous  and  conflicting 
conditions.  The  house  must  extend  above  water  to  admit  air;  it 
must  be  deeply  buried  from  the  cold  ; it  must  connect  with  the  water; 
it  must  contain  food ; the  food  should  be  growing  or  fresh  ; the  house 
should  afford  protection  from  enemies  and  escape  when  attacked. 

The  solution  of  these  problems  might  tax  the  ingenuity  of  the 
ablest  mind,  yet  nature,  by  the  use  of  the  simplest  materials  under  the 
guidance  of  natural  selection,  has  solved  every  one.  Let  us  watch 
the  process  and,  I doubt  not,  learn  a lesson  of  skill  and  patience.  The 
situation  is  a shallow  pool  which  is  destined  to  freeze  nearly  solid.  It 
is  grown  up  with  rushes  and  Nuphar  or  spatter  dock,  two  plants 
which  play  an  important  part  in  the  domestic  economy  of  this  animal, 
supplying  him  at  once  with  food  and  building  materials. 

In  the  placid  days  of  early  autumn  a pair  of  muskrats  may  be 
seen  diving  to  the  bottom  and  tugging  and  biting  at  the  roots  of  the 
rush.  After  tearing  them  off,  the  rat  collects  four  or  five  of  the  rushes, 
say  four  feet  long,  and  swims  with  them  to  a spot  selected  over  the 
deepest  part  of  the  pool.  Here  they  are  arranged  in  parallel  order 
and  carefully  straightened.  Then  another  mouthful  is  brought  and 
placed  across  the  first  at  right  angles.  The  angles  are  bisected  by 
other  clusters  until  a circular  raft  is  formed  sufiflciently  strong  to  sup- 
port the  weight  of  the  animal.  Now  the  colony  of  rats  sets  at  work  in 
earnest.  And  all  day  long  one  or  more  rats  may  be  seen  on  the  plat- 
form apparently  eating  rushes.  Closer  inspection  shows  that  they  are 
biting  rushes  into  short  lengths  to  form  the  “filling”  of  the  structure. 
The  accummulation  increases  and  its  weight  causes  the  raft  to  sink 
and  a new  series  of  long  rushes  is  added.  Thus  repeatedly  until  suf- 
ficient material  has  been  accummulated  to  rest  on  the  bottom  of  the 
pond.  All  the  previous  weeks  the  rats  seemed  to  make  little  progress, 
as  the  material  sank  as  fast  as  lifted  much  above  the  surface.  During 
the  early  stages  a strong  wind  may  ruin  the  work  of  weeks  but  the 
rats  are  never  discouraged. 

So  far  only  vegetable  matter  has  entered  into  the  composition  of 
the  hut,  but  as  soon  as  it  begins  to  rise  permanently  above  the  water 
there  is  a change  of  method  and  the  whole  space  about  the  lodge  is 
cleared  of  vegetation.  The  rats  dive  to  the  bottom  and  pull  up  the 
rushes  and  water-lillies  by  the  roots  and  build  them  into  the  structure 
with  large  masses  of  earth  adhering.  The  bottom  is  deepened  and 
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thus  the  danger  of  freezing  solid  is  obviated.  The  earth  is  used  in 
plastering  the  outside  of  the  hut,  though  this  is  not  systematically 
done.  A curious  habit  we  have  occasionally  observed  is  the  thatching 
of  the  hut  with  the  large  water-lily  leaves  so  overlapping  and  cement- 
ed with  mud  as  to  form  an  impervious  roof.  By  this  time  the  ice  is 
beginning  to  form  and  the  hut  has  settled  as  much  as  it  will,  being 
buoyed  up  by  the  ice.  The  rats  now  burrow  into  the  house  from  near 
the  bottom  forming  a passage  in  the  form  of  a letter  U inverted,  the 
uppermost  part  being  above  the  water  level  and  here  a small  chamber 
is  excavated.  Run-ways  are  excavated  beneath  the  ice  to  various 
parts  of  the  pond.  In  the  long  excursions  undertaken  beneath  the  ice 
the  rats  are  said  to  ascend  to  the  ice  and  exhaust  the  lungs,  permitting 
the  expired  air  to  absorb  oxygen  and  then  reinspire  it.  This  we  have 
never  been  able  to  observe.  The  roots  of  Nuphar  are  built  into  the 
house  or  are  stored  conveniently  near  for  winter  use.  The  great  mass 
of  vegetable  matter  soon  begins  to  ‘Teat”  generating  warmth  enough 
not  only  to  add  to  the  comfort  of  the  occupants  of  this  curious  home 
but  to  cause  new  sprouts  to  spring  from  the  roots.  The  chamber  is 
enlarged  during  the  winter  and  the  part  removed  serves  to  supply  food 
in  case  of  outside  famine.  The  outer  layer  of  mud  freezes  solid  and 
forms  an  adequate  defense  against  the  wolves  which  might  otherwise 
wage  a war  of  extermination.  There  seems  to  be  a certain  reciprocity 
between  the  occupants  of  adjacent  lodges,  although  the  rats  are  jeal- 
ous by  nature  and  have  not  the  communistic  characters  of  the  beaver, 
though  no  whit  inferior  to  them  as  architects. 

As  to  the  statement  commonly  believed  by  woodcraftsmen  in  the 
West  that  the  muskrat  prearranges  his  hut  in  view  of  the  length  and 
severity  of  the  coming  winter  we  can  offer  nothing  definitely.  There 
is,  however,  a wide  variation  in  respect  to  the  size  and  structure  of 
the  huts  and  a general  correspondence  though  by  no  means  a univer- 
sal one,  between  the  huts  built  during  a given  season.  An  average 
hut  is  6x10  feet  in  diameter  at  the  water’s  edge  and  the  size  of  the 
chamber  varies  from  i8  inches  to  two  feet. 

The  Pocket  Gopher  or  Pouched  Rat,  Geomys  biirsarius,  al- 
though abundant  west  of  the  Mississippi,  is  probably  unfamiliar  to 
most  non-professional  observers.  This  animal  is  nevertheless  the  rep- 
resentative of  one  of  the  most  interesting  and  distinctive  of  North 
American  mammals. 


OF  DENISON  UNIVERSITY. 


19 


Being  practically  subterranean  they  are  little  exposed  to  interrup- 
tion and  from  their  habits  little  likely  to  spread  rapidly,  they  multiply 
in  favorable  localities  to  an  incredible  extent  and  miles  of  meadow 
land  are  honey-combed  by  their  burrows.  Their  natural  habitat  is 
moist  sandy  bottom  or  prairie  land  where  vegetation  is  succulent  and 
the  soil  yielding.  A large  river  naturally  forms  an  almost  insuperable 
barrier  to  their  distribution.  The  centre  for  the  whole  group  is  in  the 
upper  Missouri  region  and  various  species  extend  northward  into  the 
Saskatchewan  region  and  southward  into  Mexico.  The  group  does 
not  extend  much  east  of  the  Mississippi  except  in  the  Gulf  States. 
The  existing  genera  are  closely  related.  In  New  England  and  the 
Middle  States  they  are  entirely  absent.  There  are  obvious  resem- 
blances in  the  various  members  of  the  Geomyidce  to  the  field  mice 
Arvicolince  especially  in  important  cranial  characters  while  a more  super- 
ficial resemblance,  due  chiefly  to  the  presence  of  cheek  pouches,  allies 
them  with  the  pouched  mice  or  SacconiyidcB.  There  are  many  points 
of  agreement  also  with  the  African  mole  rats  {Georychidce)  which  they 
more  nearly  resemble  in  their  habits. 

As  just  indicated,  these  low-bodied,  rat-like,  but  densely  furred 
animals  are  chiefly  remarkable  for  the  large  tur-lined  pockets  extend- 
ing from  the  shoulder  to  the  sides  of  the  mouth  but  opening  entirely 
outside  the  buccal  cavity.  These  pouches  have  special  muscles  and 
are  used  in  carrying  food  which,  in  all  the  species,  is  stored  in  subter- 
ranean graneries. 

The  fur  is  dense  and  very  soft  and  mole-like.  The  under  fur  is 
plumbeous  and  very  fine.  Superficially  the  color  is  a subdued  but 
rich  brown  with  a purplish  or  reddish  reflection  and  a glossy  bril- 
liancy during  life  which  is  lost  in  the  prepared  skin.  The  head  and 
middle  of  the  back  are  darker  brown.  Beneath,  the  colors  are  much 
lighter  becoming  whitish  on  the  feet,  tail  and  lower  lip.  There  is  also 
a light  spot  on  the  nose  and  below  the  small  muffle.  The  vibrissse 
are  thin  and  pale.  The  female  is  lighter.  A peculiar  phase  of  color- 
ation not  known  to  correspond  to  any  seasonal  or  physiological  condi- 
tion, occurs  in  animals  which  are  dark  gray,  almost  black,  and  uniform 
throughout.  In  old  individuals,  there  is  a considerable  admixture  of 
white  hairs  especially  upon  the  head.  In  summer  the  feet  and  tail 
become  nearly  naked.  In  form  the  pocket  gopher  differs  form  the 
rat-like  rodents  in  the  large  relative  size  of  the  head  and  shoulders  as 
well  as  the  fore  feet.  The  body  tapers  rapidly  backward  and  the  hind 
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limbs  are  very  small.  The  tail  is  short  and  tapering  and  nearly  desti- 
tute of  fur.  The  enormous  fore  feet  have  a greatly  expanded  palm  with 
special  cartilaginous  support  but  these  members  are  not  laterally  rotat- 
ed and  displaced,  as  in  the  moles.  The  lower  surface  of  the  palm  has 
a decided  ridge  which  is  reenforced  by  stiff  bristles,  making  a service- 
able scraper  as  the  two  are  pushed  in  front  of  the  animal. 

The  habits  being  entirely  subterranean  with  the  exception  of 
rare  nocturnal  forays,  our  acquaintance  with  the  animal  must  neces- 
sarily be  formed  under  unfavorable  conditions.  It  is  little  wonder 
that  when  dragged  ruthlessly  from  his  home  a prisoner  in  the  jaws  of 
a trap,  the  recluse-like  animal  produces  an  unfavorable  impression. 
When  thus  brought  into  the  blinding  glare  of  the  day  light  he  throws 
himself  back  upon  his  haunches,  elevates  his  head,  and,  half  in  fury, 
half  in  pain,  gnashes  his  teeth  and  utters  the  aspirated  sigh- like  spit 
which  is  the  only  note  of  offense.  Blinded  by  the  light,  he  turns  to- 
ward every  sound  and  appears  quite  demented.  But  in  the  seclusion 
of  his  burrow  or  when  once  on  friendly  terms  with  his  captor,  he 
appears  a very  different  creature.  Perhaps  we  are  the  only  persons 
who  have  had  the  opportunity  to  study  the  interesting  habits  of  the 
Geomys  in  captivity.  After  a short  time  he  becomes  perfectly  tame 
and  an  engaging  pet.  When  first  secured  he  ate  sparingly  of  potato 
but  evinced  decided  preference  for  leaves  and  rhizomes  of  red  clover, 
seizing  them  in  one  fore  paw,  which  was  used  as  a pair  of  forceps  by 
bringing  the  long  claws  in  opposition  to  the  callosity  of  the  palm,  and 
feeding  himself  gracefully.  While  eating  he  assumed  a semi-erect  atti- 
tude and  arched  the  back  much  as  the  muskrat  does.  In  eating  a clover 
plant  he  always  pursued  the  same  methed,  beginning  at  one  extremity 
and  “feeding  it  into”  the  mouth  rapidly  and  uniformly  using  now  one 
fore  paw,  now  the  other.  After  the  keen  edge  of  the  appetite  was  re- 
moved the  animal  began  at  once  to  stow  food  into  his  pockets, 
in  doing  which  he  reversed  his  former  position  and  seemed  to  all  but 
stand  on  his  head,  cramming  in  the  leaves  and  roots  with  much  celer- 
ity. The  play  of  the  jaws  is  ordinarily  like  that  of  a rat,  but  at  times, 
when  a large  root  was  encountered  the  jaws  were  set  in  rapid  motion 
so  that  the  clicks  made  by  the  teeth  blended  in  one  uniform  clatter. 
A similar  habit  has  been  noticed  in  several  rodents,  especially  the  por- 
cupine. The  only  truly  vocal  sound  was  a sharp  squeak  if  the  hissing 
note  of  rage  be  excepted.  Upon  the  smooth  surface  of  the  floor  the 
motions  seemed  embarrassed  and  awkward.  A small  twine  stretched 
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on  the  floor  served  to  stop  his  course  until  he  divided  it  with  the  teeth 
rather  than  step  over  it. 

When  placed  in  a vessel  of  fresh  earth  the  Geomys  seemed  al- 
most distraught.  The  smell  of  fresh  soil  acted  as  a powerful  stimulent 
and  the  animal  careened  about  before  falling  to  violent  digging  which 
he  carried  on  literally  tooth  and  nail,  biting  the  clods,  rooting  vio- 
lently, and  throwing  back  the  earth  with  the  feet.  This,  however, 
was  but  play,  and  it  was  only  when  given  larger  quarters  that  he  began 
the  excavation  of  a burrow  in  real  earnest.  The  position  in  digging  is 
with  the  hind  feet  well  forward  and  the  back  strongly  arched.  The 
earth  is  thrown  back  with  the  fore  paws,  and,  as  it  accumulates  under 
the  animal,  the  latter  launches  a vigorous  kick  with  both  hind  feet  in 
the  most  ludicrously  earnest  manner.  After  a considerable  pile  is  thus 
formed  behind  the  animal,  he  turns  about  and  approximating  the  cal- 
losities of  the  two  fore  feet  in  front  and  with  the  claws  well  up,  he 
pushes  the  mass  before  him  by  the  action  of  the  hind  limbs  until  it 
piles  up  in  front  of  him,  and  he  looks  like  a diminutive  earth  scraper. 
It  is  in  this  way  that  the  earth  is  brought  to  the  surface  and  not  in  the 
pockets  as  often  stated.  The  whole  process  is  accomplished  in  the 
most  brisk  and  business-like  manner  possible.  Thus,  in  the  habits  of 
the  animal  we  have  the  explanation  of  an  osteological  peculiarity  of  the 
wrist.  There  is  a strongly  developed  bone  (the  falciforme)  not  found 
in  many  mammals  which  serves  to  support  the  callosity  which  in  this 
case,  as  we  have  seen,  serves  both  as  a scraper  and  an  aid  in  prehen- 
sion. The  most  noticeable  fault  of  the  goplier  is  his  gluttony.  The 
amount  he  eats  is  alarming.  Our  pet  seated  himself  calmly  upon  the 
knee  and  disposes  of  one  grass  stalk  after  another  most  vivaciously, 
eagerly  seeking  for  more.  Bread  was  especially  desired  and  with  a 
shrewd  eye  for  the  future  the  beggar  would  fill  both  pockets  and  when 
appetite  and  both  pockets  were  filled  he  would  empty  the  latter  in  a 
corner  of  his  den  and  promptly  return  for  more. 

When  given  the  liberty  of  the  room,  he  set  off  in  a curious  can- 
ter but  usually  returned  to  be  })laced  in  the  box,  where  he  constructed 
a new  nest  every  day.  In  the  darkest  portion  he  formed  a nest  of  dry 
grass  where  the  midday  sleep  was  enjoyed.  This  siesta  is  very  pro- 
found so  that  one  could  frequently  remove  him  from  the  box  before 
he  awaked,  which  he  did  with  a start  and  appeared  to  require  some 
time  to  get  his  bearings. 


22 


BULLETIN  OF  THE  LABORATORIES 


In  suitable  localities  one  may  trace  the  progressive  extension  of 
the  burrow  by  the  small  hillocks  of  earth  thrown  up,  often  extending 
in  an  irregular  line  for  many  rods  in  a meadow.  The  digging  is  chiefly 
confined  to  the  early  summer  and  autumn,  or  after  a long  rain.  Dry 
earth  is  difficult  to  manipulate  and  during  drought  the  favorite  food 
of  the  gopher  is  not  to  be  secured.  The  hillocks  resemble  those 
of  a mole  but  are  much  larger  The  burrows  are  of  two  sorts,  per- 
manent run-ways  and  explorative  or  temporary  burrows.  The  lat- 
ter are  near  the  surface  and  are  closed  off  from  the  permanent  burrow 
when  completed.  When  such  a burrow  is  made  in  a potato  field  it 
can  be  traced  with  the  utmost  regularity  from  hill  to  hill  and  the  tubers 
are  systematically  removed  and  stored  in  large  deep  cellars.  The 
amount  which  one  family  will  carry  off  in  a few  days  is  all  but  incred- 
ible. The  natural  food  consists  of  grass  roots,  especially  the  tender 
shoots  of  the  red  clover,  and  like  plants.  A curious  provision  against 
winter  needs  was  frequently  observed.  The  main  run-way  was  pro- 
vided with  blind  alleys  at  intervals,  each  of  which  was  somewhat  ex- 
panded at  the  end.  Here  a store  of  grass  roots  is  accummulated  in 
quantities  varying  from  a pint  to  nearly  half  a peck.  The  amount 
seems  to  be  intentionally  limited  so  that  the  slight  heating  shall  stimu- 
late the  roots  to  fresh  growth,  thus  providing  fresh  supplies  for  the 
winter.  Larger  chambers  are  constructed  for  the  tubers  of  Helian- 
thus,  etc. 

It  is  probable  that  the  animal  does  not  drink.  Current  stories  as 
to  the  digging  of  subterranean  wells  and  the  like  being,  so  far  as  we 
could  learn,  fabrications.  There  is  no  evidence  of  hibernation  though 
in  the  nature  of  the  case  it  cannot  be  disproven.  The  female  appears 
to  perform  most  of  the  work  of  digging. 

The  gophers  may  be  trapped  by  one  familiar  with  their  habits. 
When  a fresh  mound  is  found  this  should  be  opened  so  that  direct 
day  light  falls  into  the  burrow.  Then  a second  opening  is  made  along 
the  trend  of  the  passage  about  eighteen  inches  from  the  first.  The 
opening  is  carried  a few  inches  below  the  level  of  the  run-way  and  in 
it  a small  steel  trap  is  placed.  ITe  trap  is  carefully  covered  with  light 
earth  to  the  level  with  the  run  way  and  the  light  completely  excluded 
from  the  second  opening.  The  success  of  the  plan  depends  upon  the 
dislike  of  the  gopher  for  light.  He  at  once  brings  a fresh  supply  of 
earth  to  stop  up  the  opening  and  being  blinded  by  the  light  does  not 
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observe  the  second  excavation.  If  the  latter  presents  any  irregular- 
ity, however,  he  immediately  deposits  the  load  there  and  barricades 
the  burrow  at  that  point. 

The  Porcupine  [Erethizon  dorsatiis,  L.)  is  familiar  to  everyone 
from  pictures  and  yet  few  have  had  the  opportunity  to  observe  it  in  its 
home  in  the  pine  forests  of  the  north.  In  fact  there  is  little  to  attract 
or  awaken  interest  except  for  the  peculiar  quill  like  modification  of  the 
hair.  Although  a true  rodent  its  gait  and  habits  strangely  suggest  the 
hog  and  earn  for  it  its  popular  pseudonym.  Its  distribution  is  largely 
coincident  with  that  of  the  northern  pine  forests,  though  it  delights  to 
feed  in  the  lush  vegetation  of  the  meadows  bordering  the  quiet  rivers. 

A visit  to  the  pineries  of  north-western  Wisconsin  by  one  of  us  dur- 
ing midsummer  of  1890  afforded  especially  good  opportunities  for  the 
study  of  their  habits.  Here  settlers  are  few  and  the  beasts  of  the  for- 
est still  hold  almost  undisputed  dominion.  The  porcupines,  however, 
seem  to  prefer  the  settlement,  being  apparently  very  social  in  their 
tendencies  and  almost  devoid  of  fear.  The  settlers  detest  them  for 
their  predacious  habits  and  general  ubiquity.  They  often  nest  under 
the  floors  of  the  cabins,  particularly  if  deserted,  and  after  the  settlers 
have  turned  in,  they  enter  very  unceremoniously,  prying  into  every 
thing,  filling  the  clothes  of  the  men  with  quills  and  working  woe  with 
the  pork  and  beans  designed  for  breakfast.  In  one  case  a crew  of 
lumbermen  was  summarily  awakened  to  find  that  an  inquisitive 
“porky”  had  crawled  into  bed  with  them.  It  is  needless  to  add  that 
the  previous  occupants  did  not  stop  to  parley,  but  left  him  in  undis- 
puted possession.  For  these  reasons  the  settlers  usually  dispatch  them 
with  clubs  or  axes,  whenever  they  find  them.  This  method  is  prefera- 
ble to  shooting,  for,  on  the  one  hand,  they  are  very  fat  and  sluggish 
animals  and  rarely  attempt  to  escape,  and,  on  the  other  hand,  their 
reptilian  tenacity  to  life  makes  the  effect  of  a rifle  ball  very  uncertain. 

An  animal  riddled  with  rifle  balls  will  sometimes  climb  to  the  top  of 
a tall  tree  to  expire  in  its  crest.  Their  perfect  protection  from  their 
enemies  of  the  forest  is  to  be  their  ultimate  destruction,  for  it  has  fa- 
vored those  structural  and  mental  peculiarities  which  make  them  an 
easy  prey  to  mankind.  As  the  settlers  take  possession  of  their  native 
woods,  it  is  perfectly  obvious  that  the  porcupines  are  a doomed  race, 
soon  to  be  found,  like  the  American  Bison,  only  in  parks  and  zoologi- 
cal gardens. 
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In  the  vicinity  of  the  settlements  they  seem  strictly  nocturnal, 
coming  out  of  their  burrows  at  dusk  and  retiring  into  them  again 
at  daybreak.  But  deeper  in  the  forest  they  may  be  seen  sporting 
about  their  burrows  or  swinging  in  the  tree-tops  above  them  at  almost 
any  time  of  day.  ddiough  very  awkward  on  the  ground,  they  are  ex- 
cellent climbers  and  will  mount  the  straightest  pine  trunk  with  the 
greatest  agility,  with,  however,  a ludicrous  appearance  of  clumsiness 
and  a clatter  which  can  always  be  recognized.  Members  of  the  same 
litter  (usually  not  more  than  two)  appear  to  keep  together  during  the 
first  season,  even  after  maturity,  and  may  frequently  be  encountered 
after  nightfall  picking  their  way  through  the  brush  in  single  file  with 
that  shambling  gait  and  peculiar  squeaking  cry  which  at  once  remind 
one  of  a litter  of  half-grown  pigs,  and  which  wins  for  them  the  com- 
mon appellation  of  “quill  pigs.” 

Later  in  the  year  we  had  an  encounter  with  one  under  rather  un- 
usual circumstances.  Quietly  paddling  in  a birch  canoe  provided 
with  a flaming  torch  in  the  bow,  we  were  watching  for  the  luminous 
eyes  of  deer,  which  in  the  brightly  illuminated  area,  stood  quaking  at 
the  sudden  apparition,  or  stampeded  and  rushed  up  and  down  piping 
a warning  note  to  the  remainder  of  the  herd. 

Our  attention  was  attracted  by  a peculiar  clattering  sound — evi- 
dently the  teeth  of  some  animal  in  rapid  motion,  but  louder  and  more 
rapid  than  anything  we  had  ever  heard.  The  source  of  the  sound  we 
were  for  a time  unable  to  make  out,  but  it  was  soon  betrayed  by  the 
sound  of  heavy  feet  and  some  clumsy  animal  approached  the  swampy 
shore  and  began  to  feed  upon  the  new  growth  of  arrow-head  leaf 
{Sagittaria)  with  the  same  noisy  clatter.  A charge  of  heavy  shot 
brought  the  animal  to  the  water’s  edge  where,  to  our  surprise,  it  imme- 
diately took  to  the  water  and  swam  toward  us  in  a decidedly  vindic- 
tive mood.  Twice  we  fired  buck  shot  into  it  at  yard  range  before  it 
ceased  its  attempts  to  swamp  us.  The  stomach  of  this  animal  con- 
tained nothing  but  the  finely  divided  shoots  of  sagittaria.  On  the 
same  night  a second  individual  was  shot  which  clambered  to  the  top 
of  a tall  tree.  It  must  not  be  assumed,  however,  that  the  porcupine 
is  necessarily  nocturnal.  In  the  sunny  afternoon  they  may  be  seen 
feeding  in  the  meadows,  using  their  four- clawed  hands  with  awkward 
cleverness  in  bringing  grass  tufts  within  reach  of  the  mouth.  If 
alarmed  they  clamber  under  the  overhanging  bank,  and,  drawing  the 
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body  together  with  quills  bristling,  they  lie  in  fancied  security.  Nor 
are  they  far  wrong  so  far  as  other  animals  than  man  are  concerned. 

The  porcupine  offers  great  inducements  to  wild  cat  or  panther, 
which,  nevertheless,  never  tempt  these  animals  to  attack  the  quill 
pig  except  in  greatest  extremity.  We  have  received  specimens  of 
Lynx  rufus  with  the  head  filled  with  the  quills,  some  of  them  even 
entering  the  orbit.  Even  the  panther  is  sometimes  destroyed  by  these 
barbed  weapons. 

While  there  is  no  truth  in  the  current  belief  that  the  porcupine 
discharges  its  quills  voluntarily,  yet  it  appears  that  by  lashing  its  tail 
it  may  lodge  some  of  the  barbs  in  the  skin  of  its  enemy.  Once  fast- 
ened, these  quills  strike  inward  with  great  pertinacity  and  every  move- 
ment serves  to  propel  them  onward. 

Although  preferring  succulent  vegetation  or  the  green  inner  bark 
of  poplars,  etc.,  the  porcupine  is,  upon  occasion,  omnivorous. 

The  taste  of  salt  is  greatly  relished  and  pork  skins  and  barrels  in 
which  brine  has  been  kept  are  greedily  eaten,  even  the  slight  saline 
taste  imparted  by  the  hands  to  oars  and  ax-helves  attracts  them,  and 
the  implements  of  the  lumbermen  often  suffer  from  their  teeth.  The 
Indians  regard  them  in  their  turn  as  delicate  food  and  prize  it  highly, 
as  we  had  occasion  to  learn  in  barter  for  a specimen. 

The  porcupine  is  a good  swimmer,  voluntarily  crossing  large 
rivers.  Being  so  fat  the  body  is  relatively  light  and  protrudes  greatly 
above  water. 

It  is  stated  by  careful  observers  that  during  the  very  coldest 
weather  these  animals  sometimes  pass  days  and  weeks  swinging  pen- 
dent in  the  tree  tops,  literally  in  a state  of  suspended  animation. 

The  one  or  two  young  are  brought  forth  in  May  and  are  propor- 
tionally larger  than  in  any  other  rodent.  Dr.  Merriam  mentions  one 
which  weighed  over  one  and  one-fourth  pounds  prior  to  birth,  being 
inches  long.  A full  grown  male  measures  three  feet  in  total 
length. 


STUDIES  IN  THE  TOPOGRAPHY  OF  THE  RODENT 
BRAIN:  ERETHIZON  DORSATUS  AND 
GEOMYS  BURSARIUS. 

By  C.  Judson  Herrick. 

The  design  of  the  present  paper  is  to  contribute  further  details  in 
the  direction  indicated  by  the  article  on  the  Central  Nervous  System 
of  Rodents  in  Volume  V of  this  Bulletin.  The  types  chosen  for  these 
studies  were  selected  partly  because  they  represent  groups  very  differ- 
ent from  Arctomys  monax,  the  type  there  discussed,  partly  because 
they  seem  to  be  aberrant  members  of  the  rodent  stock  and  present 
striking  peculiarities  both  in  habits  and  in  general  structure.  Erethi- 
zon  dorsatus  is  our  only  North  American  representative  of  the  Hystri- 
cidae.  In  spite  of  important  structural  differences,  it  is  very  similar 
to  the  European  genus  Hystrix,  in  which  it  was  placed  by  Linnaeus, 
and  it  seems  to  be  connected  with  the  European  porcupines  by  geo- 
logical remains.*  Geomys  bursarious,  the  “pocket  gopher”  of  the 
West,  is  widely  separated  from  the  other  Myomorpha  by  its  fossorial 
and  nocturnal  habit  and  the  peculiarities  of  structure  resulting  from 
it.  Points  of  more  general  interest  with  reference  to  these  eccentric 
forms  are  discussed  elsewhere  in  this  number. 

No  attempt  has  been  made  to  consult  all  the  literature  bearing  on 
this  subject.  Works  which  have  been  especially  helpful  are  noticed 
in  connection  with  their  respective  topics. f 

‘•'■See  J.  A.  Allen  in  “Monographs  of  North  American  Rodentia,”  Wash- 
ington, 1877,  P-  397- 

tThe  following  have  been  consulted  for  the  general  topography  : 

Krause,  W.,  “ Die  Anatomie  des  Kaninchens,”  Leipzig,  186S. 

Steida,  L.,  “ Studien  ueber  dasCentrale  Nervensystem  der  Voegel  and  Saeu- 
gethiere.”  Zeits.  f.  wiss.  Zoologie,  Bd.  XIX. 

Steida,  L.,  “ Studien  ueber  das  Centrale  Nervensystem  der  Wiebelthiere.” 
Zeits.  f.  wiss.  Zoologie,  Bd.  XX. 
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The  brains  were  hardened  for  24  hours  in  weak  chrome- acetic 
acid,  then  passed  gradually  from  50  per  cent,  to  commercial  alcohol, 
as  usual.  All  sections  were  stained  by  hand  with  Grenacher’s  haema- 
toxylin.  The  tracts  were  brought  out  better  by  using  the  concentrated 
stain,  making  it  quite  intense.  For  the  minute  histology,  however, 
much  better  results  were  secured  by  diluting  the  stain  from  four  to  six 
times  its  volume  and  applying  it  long  enough  to  give  only  a faint 
color. 

EXTERNAL  FORM  AND  MEASUREMENTS. 

Erethizon  dorsatus.  This  brain  differs  greatly  in  general  appear- 
ance from  the  usual  rodent  type.  The  narrow  anterior  extremity, 
passing  into  the  olfactories,  the  comipression  at  the  Sylvian  region,  and 
the  widely  diverging  fiocculi,  which  give  to  the  rodent  brain  its  char- 
acteristic appearance  are  not  obvious  here.  Judging  from  Owen’s  fig- 
ures,* there  is  a resemblance  in  these  points  to  the  beaver.  The  porcu- 
pine brain  is  much  wider  in  proportion  to  the  length  of  the  hemisphere, 
but  both  are  well  filled  out  in  front.  The  European  porcupine, 
Hystrix  crista,  has  these  characteristics  much  more  pronounced.  If 
Owen’s  figurest  be  correct,  the  cerebrum  is  considerably  wider  in  pro- 
portion to  its  length  than  that  of  Erethizon.  The  common  American 
muskrat,  Fiber  zibethicus,  also  has  a cerebrum  which  much  resembles 
that  of  Erethizon. 

The  Rhinencephalon.  The  olfactories  appear  rather  smaller  than 
in  most  rodents  and  project  only  about  three  mm.  beyond  the  hemi- 
spheres. This  is  due  in  part  to  the  unusual  development  of  the  an- 
terior portion  of  the  hemispheres  themselves,  in  part  to  the  fact  that 
the  olfactory  lobes  are  closely  appressed  to  the  hemisplieres.  The  ol- 
factory crus  is  flexed  dorsad  and  laterad,  so  that  the  two  lobes  are  flat- 
tened against  the  cephalo-ventral  aspect  of  the  hemispheres,  which 
latter  are  also  flattened  at  the  same  region.  The  two  olfactory  crura 
are  in  close  contact,  but  the  lobes  diverge  dorsally.  This  appression 
of  the  olfactory  lobes  may  be  due  to  the  enormous  development  of  the 
front  part  of  the  skull.  The  inflation  of  the  skull  in  the  region  of  the 
nasal  cavities  and  above  them  could  readily  crowd  so  closely  upon 

*R.  Owen,  “ On  the  Structure  of  the  Brain  in  Marsupials,’’  Philosophical 
Transactions,  MDCCCVII,  p.  93,  Plate  V. 

t“  Comparative  Anatomy  and  Physiology  of  Verterbrates,”  Vol.  Ill,  p.  iio^ 
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the  brain  cavity  as  to  cause  the  projecting  olfactory  lobes  to  be  re- 
flexed. The  olfactory  bulb  is  about  6 mm.  in  diameter,  narrowing 
posteriorly  into  the  crus,  and  is  thickly  covered  on  the  whole  cephalic 
and  ventral  surface  with  the  roots  of  the  olfactory  nerves. 

The  Prosencephalo7i.  The  general  form  is  hemispherical,  each 
cerebral  lobe  being  flattened  on  the  median  and  ventral  aspects.  The 
great  development  of  the  front  part  of  the  cerebrum  is  the  most  strik- 
ing feature  of  the  brain.  The  ventral  surface  is  unusually  flat  and 
broad.  The  pyriform  and  postrhinal  lobes  are  not  high,  giving  this 
surface  a very  different  appearance  from  that  of  the  brains  of  the  rab- 
bit or  Guinea-pig. 

The  dorsal  surface  of  the  hemispheres  is  unconvoluted ; on  their 
ventral  surface  the  rhinalis  and  postrhinalis  form  a continuous  and 
strong  fissure  running  their  whole  length.  The  compression  m the 
region  of  the  Sylvian  fissure  so  conspicuous  in  most  rodents  is  here 
reduced  to  a minimum.  No  trace  of  the  Sylvian  fissure  itself  is  no- 
ticeable on  the  dorsal  aspect ; it  is  however,  described  and  figured  by 
Owen*  in  the  case  of  Hystrix  cristata  as  well  marked,  though  short. 
But  there  is  on  the  ventral  surface  a shallow,  though  well  defined,  fis- 
sure running  from  the  chiasm  laterad  to  the  rhinalis,  where  it  stops 
abruptly.  The  pyriform  lobe  thus  sharply  defined  is  about  15  mm. 
wide  at  the  widest  part  opposite  the  hypophysis.  Other  small  fissures 
on  the  ve  itral  aspect  are  occasionally  present,  but  very  variable.  On 
the  median  surface  of  the  hemisphere  the  callosum  is  bounded  on  the 
dorsal  and  caudal  aspects  by  the  so-called  callosal  fissure.  Passing 
ventrad  from  the  splenium  of  the  callosum  the  hippocampal  fissure  is 
well  marked.  Caudad  to  the  hippocampal  fissure  is  another  small  fis- 
sure passing  caudo- dorsad  to  a point  about  as  high  as  the  splenium, 
apparently  a suggestion  of  the  splenialis.  On  the  olfactory  crus  are 
two  superficial  tracts  of  lighter  color;  the  smaller  and  shorter  passes 
caudad  and  mesad,  the  other  can  be  traced  caudad  and  laterad  as  far 
back  as  the  chiasm.  Their  relations  are  discussed  in  the  paragraph 
on  the  internal  topography  of  the  rhinencephalon.  The  hippocampus 
is  essentially  as  in  Geomys,  and  under  that  head  this  region  will  be 
discussed,  as  the  true  relations  are  more  easily  traced  in  that  type. 

'^'“Comparative  Anatomy  and  Physiology  of  the  Vertebrates,”  Vol.  Ill, 

p.  no. 
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The  Diencephalon.  The  thalami  are  larger  in  Erethizon  than  in 
Geomys,  the  cephalo- dorsal  aspect  being  especially  depressed  in  the 
latter  case.  They  are  somewhat  dome  shaped  above,  and  each  is  cov- 
ered on  the  dorsal  aspect  by  the  hippocampus  as  by  a cap.  The 
corpora  geniculata  are  large  and  quite  obvious  superficially.  The  post 
geniculatum  is  more  conspicuous  in  Erethizon  ; both  are  well  devel- 
oped in  Geomys.  The  cinereum  is  a sub-elliptical  body,  with  the 
cephalic  end,  which  is  bounded  by  the  transverse  fibres  of  the  chiasm, 
flattened.  Its  lateral  portions  are  not  covered  by  the  overlapping 
pyriform  lobe  as  in  the  rabbit.  The  mammillary  is  unpaired,  median, 
and  but  slightly  elevated.  It  is  separated  from  the  rest  of  the  ciner- 
eum by  a special  fissure.  The  hypophysis  is  attached  at  the  centre 
of  the  cinereum.  It  is  fungiform.  7 mm.  long,  7 mm.  wide,  and  4 
mm.  high.  The  stipe  passes  obliquely  caudo-ventrad  into  the  caudal 
portion  of  the  body  of  the  hypophysis,  which  is  separated  from  the 
cephalic  portion  by  a deep  fissure  on  the  ventral  aspect.  The  epiphysis 
is  of  the  usual  conical  form,  4 mm.  high.  It  is  pigmented  at  the  apex. 
The  third  ventricle  passes  up  a short  distance  into  the  basal  portion 
(Plate  I,  Fig.  3.) 

The  Mesencephalon  is  almost  completely  hidden,  the  cephalic 
members  by  the  hemisphere,  the  caudal  members  by  the  cerebellum. 
The  cephalic  members  are  longer,  the  caudal  members  wider  and 
higher.  This  arrangement  is  very  different  from  that  of  Arctomys, 
in  which  the  cephalic  members  are  much  larger  and  occupy  the  posi- 
tion of  both  members  in  these  types.  The  caudal  members  are  there 
crowded  back  to  a position  almost  ventrad  of  the  cephalic  (cf.  Vol. 
V,  Plate  XIX,  Fig.  i.) 

The  crura  cerebri  stand  out  with  great  distinctness,  being  exposed 
to  a point  nearly  as  far  cephalad  as  the  attachment  of  the  hypophysis. 
They  are  divaricated  both  cephalad  and  caudad,  giving  rise  to  a de- 
pression which  is  hour-glass  shaped,  the  posterior  area  perforata,  lying 
between  the  cinereum  and  the  pons. 

The  Ehencephalon.  The  cerebellum  is  subellipsoidal.  The  floc- 
culus is  rather  large,  but  projects  scarcely  at  all  beyond  the  lateral  lobe 
of  the  cerebellum,  nor  is  it  separated  from  this  lobe  by  bony  partitions, 
as  in  most  rodents.  It  lies  in  a very  shallow  cavity  of  the  skull  in 
close  contact  with  the  adjacent  parts  of  the  cerebellum. 

The  Metencephalon.  The  medulla  is  obovate,  about  as  long  as 
wide.  On  the  ventral  surface  the  pons  and  pyramids  are  strongly 


30 


BULLETIN  OF  THE  LABORATORIES 


marked.  The  lateral  columns  are  greatly  enlarged  ventrad  to  the 
clava,  forming  the  area  ovalis  of  Wilder.  The  relations  of  the  dorsal 
columns  and  the  structures  on  the  floor  of  the  fourth  ventricle  are 
shown  by  Plate  1,  Fig.  3.  The  funiculus  gracilis  and  the  funiculus 
cuneatus  fuse  at  the  region  of  the  calamus  scriptorius  to  form  the 
clava,  which  is  very  large.  The  obex  is  also  large,  lying  ventrad  of 
the  preceding.  On  the  floor  of  the  ventricle  the  fasciculi  teretes  are 
divaricated  caudad  by  the  projecting  genua  of  the  seventh  nerve.  The 
eminentia  acustica  are  large  and  double,  being  divided  into  two  por- 
tions by  a longitudinal  fissure.  The  strios  medullares  are  hardly  visi- 
ble in  Erethizon;  in  Geomys  they  are  very  large.  The  posterior 
peduncle  of  the  cerebellum  passes  into  the  restiform  iract  in  the  usual 
way. 

The  cranial  nerves  are  illustrated  by  Plate  I,  Fig.  6.  The  optic 
nerves  are  smaller  than  usual,  1.2  mm.  in  diameter,  i cm.  from  their 
insertion.  'Fhe  third  nerves  are  about  the  usual  size,  inserted  i cm. 
caudad  of  the  chiasm  on  the  ventral  aspect  of  the  crura.  The  fourth 
nerves  are  very  small,  pursuing  the  usual  course  The  fifth  is  large, 
3 mm.  in  diameter  at  insertion,  rapidly  flattening  out  to  much  wider. 
It  lias  two  roots.  The  median  is  ventral  and  smaller  and  crosses  the 
other  at  the  Gasserian  ganglion.  The  sixth  is  small,  inserted  just 
caudad  of  the  pons  about  3 mm.  from  the  meson.  But  one  root  is  ap- 
parent. The  seventh  is  inserted  on  the  caudal  margin  of  the  pons 
laterad  of  the  sixth.  The  eighth  is  inserted  i to  2 mm.  caudo  laterad 
of  the  seventh.  There  are  two  roots,  which  lie  in  very  close  contact. 
The  ninth,  tenth  and  eleventh  are  closely  associated  in  their  exit.  The 
ninth  is  small  and  more  easily  separated  from  the  other  two.  The 
tenth  has  several  large  roots  which  are  hard  to  separate  from  those  of 
the  eleventh.  The  eleventh  itself  can  be  followed  as  a large  strand  as 
far  back  as  the  third  spinal,  and  for  at  least  two-thirds  of  this  distance 
gives  off  frequent  smaller  fasciculi  into  the  medulla  and  cord.  The 
twelfth  arises  on  the  caudal  aspect  of  the  pyramids  by  about  six  roots. 

Measurements.  Total  length,  tip  of  olfactories  to  end  of  medulla, 
46.5  mm.;  olfactory  to  cerebellum,  33  mm.,  to  pons,  29  mm.,  to  hy- 
pophysis, 21  mm.,  to  chiasm,  17.5  mm.;  width  of  the  two  hemi- 
spheres, median,  35  mm.,  one-fourth  distance  from  caudal  end,  33.5 
mm.  three-fourths  distance  from  caudal  end,  32  mm.;  length  of  crura 
exposed,  8 mm.;  length  of  tuber  cinerum,  7 mm.;  width  of  tuber  cin- 
erum,  6.5  mm  ; length  of  corpora  quadrigemina,  7.5  mm.;  width  of 
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corpora  quadrigemina,  9 mm.,  thickness  of  corpora  quadrigemina 
through  the  crura,  11.5  mm.;  thickness  of  hemispheres,  21  mm.; 
length  of  cerebellum,  15  mm.;  width  of  cerebellum  at  the  flocculi, 
25.5  mm.;  thickness  of  cerebellum,  13  mm.;  length  of  flocculus,  7 
mm.;  length  of  medulla,  15.5  mm.;  width  of  medulla,  16  mm.;  thick- 
ness of  medulla  at  pons,  10  mm.;  cephalo-caudal  width  of  pons,  5 
mm.;  width  of  cord  at  insertion  of  the  third  spinal  nerve,  7 mm. 

Geomys  bursariiis.  This  brain  conforms  very  closely  to  the  usual 
myomorphic  type.  The  figures  presented  in  Plate  I show  a close  re- 
semblance to  that  of  a white  rat,  which  is  introduced  for  comparison, 
the  most  important  differences  being  in  the  more  closely  appressed 
hemispheres,  the  rhomboidal  cerebellum  without  projecting  flocculi, 
the  form  and  markings  of  the  medulla,  and  the  general  compactness 
of  the  brain  as  a whole.  The  prominences  on  the  ventral  surface  are 
more  pronounced  than  in  Erethizon.  The  general  appearance  is  in- 
termediate between  that  of  Erethizon  and  that  of  the  rabbit. 

The  Rhinericephalon  is  of  the  usual  form.  The  short,  club-shaped 
olfactory  lobes  project  about  4 mm.  beyond  the  hemispheres,  and 
are  3.5  mm.  wide  and  5.5  mm.  long  on  the  ventral  surface. 

The  Prosencephalon  differs  but  little  from  that  of  the  rat.  Aside 
from  the  points  already  mentioned,  the  Sylvian  fissure  presents  slight 
differences,  being  stronger  and  produced  farther  dorsad  in  the  rat.  In 
both  cases  it  crosses  the  rhinalis.  The  rhinalis  fissure,  as  in  the  rat, 
passes  farther  laterad  than  in  Erethizon  and  is  not  so  deep.  Tne  most 
noteworthy  feature  of  the  ventral  surface  is  the  prominent  postrhinal 
lobe.  The  pyriform  also  appears  more  prominent  than  in  Erethizon, 
partly  because  the  ventral  surface  is  not  so  flat,  but  recedes  more 
abruptly  at  the  sides. 

The  hippocampus,  which  is  at  best  a complicated  and  trouble- 
some region,  is  here  reduced  to  very  simple  terms  and  it  is  hoped  that 
the  series  of  transverse  sections  in  Plate  III  may  materially  aid  in  un- 
derstanding its  structure.  The  first  description  of  the  hippocampus 
in  rodents  which  has  come  to  my  notice  is  that  of  Stieda.*  A con- 
densed translation  of  his  account  of  it  in  the  mouse  is  here  inserted 
for  convenience  of  reference,  as  follows:  The  two  hemispheres  may 
be  compared  to  a single  hollow  body,  whose  cavity  is  in  communica- 
tion with  the  third  ventricle.  This  hollow  body  extends  caudad  over 

"'■Op.  cit.  Zeits.  1.  wiss.  Zoologie,  Bd.  XIX. 
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the  thalami,  which  thrust  the  adjacent  ventral  wall  inward  so  as  al- 
most to  fill  the  cavity.  That  part  of  the  original  cavity  which  is  not 
thus  lost  is  greatly  reduced  by  the  adhesion  of  the  dorsal  and  ventral 
parts  of  the  wall  until  only  a narrow  space  remains  on  either  side,  the 
lateral  ventricles.  The  portion  of  the  lower  wall  which  is  invaginated 
appears,  when  the  ventricle  is  opened,  as  an  arched  mass  in  its  floor, 
the  cornu  ammonis.  This  lower  wall  is  not  simple,  but  is  convoluted, 
forming  a folded  arch  directed  cephalad,  stretched  over  the  thalamus. 
Thus,  imagine  that  the  hollow  body  [secondary  prosencephalic  versicle] 
has  had  the  lower  wall  on  either  side  driven  cephalad  by  a fold  springing 
from  behind  in  the  direction  of  the  arch  of  the  thalamus  opticus  (Plate 
III,  Fig,  4,  a.)  By  this  process  there  arise  a lamina  superior  and  a la- 
mina inferior  cornu  ammonis  (Plate  III,  Fig.  3,  le  and  li.)  The  terms 
are  strictly  applicable  in  only  a part  of  the  course  of  these  bodies, 
since  the  relation  of  the  two  laminae  is  altered  caudad,  the  upper  be- 
coming lateral,  the  lower  median.  [These  two  portions  are  parts  of 
the  gyrus  fornicatus.]  In  comparing  the  Ammon’s  horn  with  other 
parts  of  the  cortex  a difference  is  obvious,  especially  in  the  inferior 
lamina,  in  that  a second  fold  has  taken  place,  intercalating  a band  of 
smaller  cells  than  those  of  the  remainder  between  the  upper  and  lower 
laminae.  This  is  the  so-called  granular  layer,  or  taenia  cinerea  cornu 
ammonis  of  Volkmann  [gyru>  uncinatus,  Plate  III,  Fig  3,  The 

two  cornua  meet  and  coalesce  to  some  extent  in  the  median  line. 
The  connection  between  the  two  cornua  is  chiefly  due  to  the  confluence 
of  the  layer  of  fibres  and  of  large  cells  of  the  superior  lamina.  Far 
cephalad  the  layers  of  large  and  small  cells  of  the  inferior  lamina  also 
coalesce.  The  fibres  arising  in  the  Ammon’s  horn  of  either  side  arch 
over  the  thalamus  and  converge  behind  the  callosum  where  they  separate 
from  the  cornua  and  plunge  obliquely  into  that  part  of  the  substantia 
cinerea  anterior  caudad  of  the  collosum  and  cephalad  of  the  thalamus. 
‘Tn  the  region  of  the  anterior  walls  of  the  third  ventricle  these  grad- 
ually diverging  bundles  disappear  behind  the  anterior  commissure. 
They  obviously,  therefore,  form  a longitudinal  commissure  of  the 
anterior  ventral  part  of  the  hemisphere,  the  substantia  cinerea  anterior, 
with  the  posterior  portion  of  the  hemisphere.  In  other  words  they 
constitute  the  fornix.”  Stieda  recognizes  two  bundles  of  fibres  in  the 
cornu  ammonis,  one  longitudinal,  the  other  transverse,  one  passing 
to  the  callosum,  the  other  to  the  fornix.  In  carnivora  Stieda  states 
that  the  gray  matter  of  the  two  cornua  is  not  confluent. 


OF  DENISON  UNIVERSITY. 


33 


Reference  to  Plate  III  will  render  these  statements  of  Stieda  clear 
in  spite  of  the  condensed  form  in  which  they  are  necessarily  presented. 
The  first  fold  mentioned  by  him,  the  primary  fold  of  the  hippocampus 
(Plate  III,  a,)  does  not  appear  in  transverse  sections  to  be  a mere  fold, 
or  fissure,  springing  from  behind ; but  it  is  complicated  by  the  fact 
that  its  dorsal  portion  is  pushed  much  farther  cephalad  than  its  ven- 
tral. The  latter  only  passes  as  far  as  the  level  of  the  corpus  mam- 
millare  (Figs.  3 and  4.)  Cephalad  of  this  region  the  lamina  next  the 
the  lateral  ventricle,  which  I have  called  lamina  ectalis  (the  superior 
lamina  of  Stieda,  Fig.  3,  k,)  is  in  direct  continuity  ventrally  with  the 
other,  the  lamina  entalis  (or  lamina  inferior  of  Stieda,  Fig.  3,  //.)  The 
fact  that  the  dorsal  portion  of  the  primary  fold  of  the  hippocampus 
appears  in  transverse  sections  to  pass  much  farther  cephalad  than  the 
ventral  portion  is  due  to  the  arched  form  of  the  hippocampus  itself. 
By  reason  of  this  forward  arch  the  caudal  portion  of  the  hippocampus 
appears  in  longitundinal  section,  the  cephalic  portion  in  transverse 
section  in  these  figures.  The  laminae  ectalis  and  entalis  together  con- 
stitute the  gyrus  fornicatus.  By  means  of  this  primary  fold  the  hippo- 
campus is  pushed  far  cephalad  under  the  callosum  beyond  the  chiasm 
until  it  comes  into  direct  continuity  with  the  fornix  body  in  the  region 
of  the  lamina  terminalis.  The  primary  fold  reaches  almost  to  the  end 
of  the  gyrus  fornicatus,  but  in  Fig.  i has  disappeared. 

The  true  relations  of  the  gyrus  uncinatus  are  much  more  diffi- 
cult to  make  out.  It  is  formed,  as  Stieda  says,  by  a secondary  fold  of 
the  gyrus  fornicatus ; but  it  is  not,  like  the  primary  fold,  due  to  an  in- 
vagination, or  convolution.  It  is  rather  a reflected  portion  of  the 
margin  of  the  lamina  entalis.  This  margin  is  folded  back  upon  itself, 
the  folded  portion,  i.  e.  the  gyrus  uncinatus,  being  refiexed  ventrad 
and  cephalad,  so  that  the  free  margin  of  the  latter  lies  next  to  the 
diencephalon  and  mesencephalon.  The  convexity  of  the  fold  is  di- 
rected cephalad,  and  toward  the  caudal  end  of  the  hippocampus  it 
apparently  in  transverse  sections  increases  greatly  in  size.  This  ap- 
pearance, however,  is  due  to  the  arched  character  of  the  hippocampus 
by  which  the  caudal  portion  is  seen  in  longitudinal  section,  as  above 
alluded  to.  That  the  gyrus  uncinatus  is  a true  fold  from  the  gyrus 
fornicatus  is  not  very  obvious  from  these  sections,  since  the  gray  mat- 
ter of  the  two  gyri  is  nowhere  in  direct  continuity.  Moreover  the  cell 
structure  is  essentially  different,  the  gyrus  fornicatus  having  typical 
flask-cells,  but  the  gyrus  uncinatus  snialler  deeply  staining  cells  which 
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are  narrowly  flask-shaped  or  fusiform.  The  difference  is  emphasized 
in  the  sections  by  the  fact  that  the  gyrus  uncinatus  lies  in  a different 
plane  from  the  gyrus  fornicatus,  and  thus  when  the  cells  of  the  latter 
are  cut  longitudinally  those  of  the  former  are  almost  always  cut  trans- 
versely. Perpendicular  longitudinal  sections  of  the  mouse  brain,  how- 
ever, show  the  two  laminae  in  much  closer  contact,  and  in  the  opos- 
sum the  continuity  is  unbroken,  especially  cephalad,  though  in  the 
caudal  portion  the  arrangement  is  more  like  that  of  rodents.  Old  em- 
bryos of  the  rabbit,  too,  show  the  formation  of  the  folds  above 
described  with  great  clearness.  The  gyrus  uncinatus  in  these  rodents 
thus  appears  to  be  more  or  less  displaced,  as  well  as  folded.  In  the 
rabbit  embryos  referred  to  it  would  appear  to  originate  as  a thickening 
on  the  free  edge  of  the  gyrus  fornicatus,  which  is  thrust  back  as  by 
some  external  resistance,  both  on  the  ectal  and  ental  surfaces  of  this 
edge,  but  chiefly  on  the  latter.  The  cells  which  connect  the  two  por- 
tions at  this  stage  appear  to  be  subsequently  lost  or  to  be  replaced  by 
fibrous  elements. 

The  confluence  of  the  gray  matter  of  the  two  hippocampi,  which 
Stieda  describes  in  the  case  of  the  mouse,  does  not  occur  here.  The 
external  fibre  zones  of  the  two  sides  do  come  into  contact  in  the 
meson,  but  this  is  obviously  merely  a mechanical  adhesion.  I suspect 
that  the  confluence  which  Stieda  observed  was  more  apparent  than 
real,  though  my  own  mouse  sections  show  the  two  sides  in  much 
closer  contact  than  in  Geomys.  Fiber  zibethicus  resembles  the  mouse 
in  this  respect,  and  in  the  configuration  of  the  hippocampus  as  a 
whole. 

Erethizon  dorsatus  presents  a structure  essentially  like  that  de- 
scribed for  Geomys,  though  somewhat  more  difficult  to  follow.  The 
chief  difference  lies  in  the  gyrus  uncinatus,  which  is  larger  and  over- 
laps the  free  margin  of  the  gyrus  fornicatus  much  more  than  in 
Geomys.  In  Arctomys  monax  there  is  considerable  variation,  though 
only  in  the  relative  position  of  the  parts.  It  is  illustrated  quite  fully 
in  Vol.  V,  Plate  IV,  Fig.  t,  Plate  V,  Figs,  i,  2,  and  3,  Plate  VII, 
Fig.  2,  Plate  X,  Figs.  5 and  7,  Plate  XIX,  Figs,  i and  2. 

Diencephalon  and  Mesencephalon.  The  relations  here  are  essen- 
tially as  in  the  rat.  The  thalamus  is  much  smaller  than  in  Erethizon, 
the  cephalo-dorsal  portion  especially  being  abbreviated.  Thecinereum 
is  nearly  circular  with  the  infundibulum  passing  through  the  centre. 
The  chiasm  is  not  so  prominent  as  in  Erethizon,  though  essentially 
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similar.  The  mammilare  is  single,  median,  and  large,  occupying  the 
whole  caudal  part  of  the  cinereum.  The  hypophysis  and  epiphysis 
were  not  observed.  Both  the  praegeniculatum  and  the  postgenicula- 
tum  are  more  prominent  than  in  Erethizon,  especially  the  latter.  The 
caudal  members  of  the  corpora  quadrigemina  are  covered  by  the  cere- 
bellum, the  cephalic  members  are  nearly  covered  by  the  hemispheres. 
The  former  are  broader  laterally,  the  latter  are  longer.  They  are 
of  about  equal  hight. 

The  Epencephalon  is  compact,  like  that  of  Erethizon,  but  very  dif- 
ferent in  shape.  The  median  lobe  is  produced  farther  both  caudad 
and  cephalad,  thus  making  the  cerebellum  considerably  longer,  and 
giving  it  a decidedly  rhomboidal  shape  when  looked  at  from  above. 
In  the  flocculus  it  resembles  Erethizon,  thus  differing  widely  from 
other  myomorphs,  whose  flocculi  are  longstalked  and  encased  in  spec- 
ial cavities  of  the  skull. 

The  Metencephalon  is  oblong,  about  as  wide  as  long.  Ventrally 
the  pyramids  do  not  stand  out  in  as  bold  relief  as  in  Erethizon, 
neither  is  the  pons  as  sharply  defined.  On  the  dorsal  surface,  the 
clava  is  not  so  wide  as  in  Erethizon,  being  crowded  mesad  by  the 
larger  lateral  colurhns.  The  obex  is  small,  but  sharply  defined.  The 
eminentia  acustica  is  large  and  the  striae  medullares  are  very  conspicu- 
ous. The  fasciculi  teretes  and  other  structures  of  the  floor  of  the 
fourth  ventricle  are  not  so  prominent  as  in  Erethizon.  With  reference 
to  the  nerve  roots,  the  most  important  peculiarity  is  the  unusually 
small  size  of  the  second  pair.  This  is  readily  accounted  for  by  the 
small  size  of  the  eyes  and  the  nocturnal  habits  of  the  animal.  The  fifth 
nerves  are  easily  separable  into  three  fasciculi  before  they  enter  Gas- 
ser’s ganglia.  Of  these  the  middle  bundle  is  the  largest. 

Measurements.  Total  length,  tip  of  olfactories  to  end  of  medulla, 
22. 5_  mm.;  greatest  width  of  the  two  hemispheres,  16.5  mm.;  length 
of  hemisphere,  13.5  mm.;  depth  of  hemisphere,  10  mm.;  tip  of  olfac- 
tory to  cerebellum,  16  mm.;  tip  of  olfactory  to  pons,  14  5 mm.;  tip  of 
olfactory  to  hypophysis,  12.5  mm.;  tip  of  olfactory  to  chiasm,  10  mm.; 
length  of  cinereum,  5 mm.;  width  of  cinereum,  5.5  mm.;  length  of 
cerebellum,  9.5  mm.;  width  of  cerebellum,  13.5  mm.;  depth  of  cere- 
bellum, 7 mm.;  length  of  flocculis,  4.5  mm.;  length  of  medulla,  7.5 
mm.;  width  of  medulla,  7 mm.;  thickness  of  medulla  at  pons,  5 mm.; 
width  of  spinal  cord,.  4. 5 mm. 
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^ INTERNAL  TOPOGRAPHY. 

In  the  following  pages  all  statements  apply  both  to  Erethizon 
and  to  Geomys,  unless  otherwise  indicated.  Comparison  was  also 
made  in  many  particulars  with  a series  of  sections  of  Fiber  zibethicus. 

Ventricles.  The  third  ventricle  is  shown  in  its  relations  in  median 
longitudinal  section  by  Fig.  3,  Plate  I.  The  aqueduct  of  Sylvius  is 
wide  and  there  is  a slight  indication  of  a ventricle  of  the  mesencepha- 
lon. The  third  ventricle  is  largely  occupied  by  the  medicommissure, 
particularly  dorsally.  Below,  it  passes  into  the  infundibulum  in  the 
center  of  the  cinereum.  Cephalad  of  the  chiasm  there  is  another  de- 
pression, which  is  superficially  bounded  by  little  more  than  a mem- 
brane. Dorsad,  the  third  ventricle  enters  the  epiphysis  for  a short 
distance.  Cephalad  of  the  medicommissure  are  the  foramena  of 
Monro,  or  portae,  shaded  black  in  the  figure.  The  lateral  ventricles 
of  the  hemispheres  envelop  the  striata  on  the  dorsal  and  median  as- 
spects.  Thejpraecornua  arch  as  far  laterad  as  the  cephalic  ends  of  the 
striata.  From  their  cephalo-ventral  limits  the  aqueducts  of  the  olfac- 
factory  ventricles  push  out  into  the  olfactory  crura.  The  olfactory 
ventricles,  though  small,  pass  almost  to  the  ends  of  the  olfactory  bulbs. 
The  medicornua  of  the  lateral  ventricles  are  strong,  enveloping  the 
hippocampi  on  their  lateral  and  dorsal  aspects. 

Olfactory  Lobe  and  Tracts.  The  minute  structure  of  the  olfactory 
lobe  seems  to  be  essentially  that  described  for  Arctomys  in  Vol.  V 
of  this  Bulletin,  page  81.  The  specific  olfactory,  or  ganglion  cells, 
however,  are  not  usually  pyramidal,  but  irregularly  fusiform  or  flask- 
shaped, with  the  apices  directed  peripherad. 

The  arrangement  of  the  olfactory  tracts  is  about  the  same  in  Ere- 
thizon, Geomys,  Mus  musculus,  and  Fiber  zibethicus.  It  can  best  be 
described  in  Geomys.  Transverse  sections  of  the  olfactory  .bulb 
(Plate  II,  Fig.  4)  show  within  the  fibres  of  the  olfactory  nerves  the 
usual  glomerular  layer  containing  sparse,  small,  pyramidal  cells,  a 
layer  of  ganglion  cells  in  a single  series,  whose  bases  lie  in  a thin 
granular  zone  of  Deiter’s  corpuscles.  This  zone  is  separated  by  an- 
other thin  band  of  the  neuroglia  layer  from  the  dense  central  mass  of 
laminated  DeiteFs  cells  which  fills  up  the  rest  of  the  bulb  except  a 
loose  medullary  portion  about  the  ventricle. 

Fibres  destined  for  the  superficial  olfactory  tracts,  or  radices, 
gather  well  out  in  the  olfactory  bulb  into  a bundle  which  lies  in  the 
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internal  laminated  layer  of  Deiter’s  cells  dorsad  of  the  ventricle  (Plate 
II,  Fig.  4,  rxl.)  These  soon  form  a strong  band  which  swings  laterad 
and  finally  ventrad  of  the  ventricle,  as  it  passes  caudad  (Plate  II,  Figs. 
5 and  6.)  As  the  olfactory  crus  begins  to  fuse  with  the  hemisphere, 
the  superficial  olfactory  tract  takes  a position  on  the  ventral  surface  'of 
the  latter,  at  the  same  time  dividing  into  two  fasciculi.  A small  me- 
dian bundle,  radix  mesialis,  (Plate  II,  Fig.  6,  rxm ; see  also  Plate  I, 
Fig.  i)  can  be  traced  on  the  ventro-median  surface  of  the  hemisphere 
as  far  back  as  the  cephalic  end  of  the  callosum.  From  both  transverse 
and  perpendicular  longitudinal  sections  it  appears  as  if  its  fibres  pass 
dorso-caudad  from  this  point  into  the  septum  lucidum,  entering  it  from 
below  between  the  cephalic  terminus  of  the  callosum  and  the  anterior 
commissure.  The  fibres,  however,  have  not  in  any  case  been  actually 
traced  through  the  whole  of  this  course.  Even  if  this  be  not  the  true 
course  of  these  fibres,  it  seems  hardly  possible  that  the  same  relation 
could  here  prevail  as  in  the  opossum,  where  this  radix  passes  directly 
through  the  brain  cortex  up  to  the  gyrus  fornicatus.  The  larger  bun- 
dle radix  lateralis,  passes  laterad  and  caudad  toward  the  pyriform.  As 
it  passes  into  this  lobe,  it  loses  its  compact  form  and  spreads  out  over 
its  ventral  surface.  It  can  be  traced  nearly  to  the  caudal  end  of  the 
pyriform.  The  inference  is  that  these  fibres  dip  into  the  pyriform 
along  its  whole  ventral  surface,  especially  toward  the  cephalic  end, 
though  this  has  not  been  actually  observed. 

Returning  to  the  olfactory  crus,  a section  taken  through  its  middle 
portion  shows  the  following  structures  (Plate  II,  Fig.  5.)  The  struc- 
ture of  the  median  half  is  the  same  as  that  of  the  olfactory  bulb.  The 
lateral  surface  is  covered  with  the  superficial  olfactory  tract  rxl  and 
remains  of  the  glomerular  layer.  Entad  of  this  tract  is  a cortical  struc- 
ture, c,  like  that  of  the  hemisphere  of  which  it  is  really  a part.  Still 
further  entad,  adjacent  to  the  ventricle,  are  fasciculi  of  the  prsecom- 
missural  tract  of  the  olfactory  crus,  pc.  That  this  cortex  is  not  only 
similar  to  but  identical  with  that  of  the  hemisphere  is  shown  by  sec- 
tions taken  at  the  point  of  union  of  the  olfactory  crus  with  the  hemi- 
sphere (Plate  II,  Fig.  6,)  where  its  continuity  is  demonstrated.  At 
this  point  it  makes  up  the  body  of  the  crus.  Passing  outward  (cepha- 
lad,)  it  is  gradually  displaced  by  the  various  layers  of  the  olfactory 
bulb,  crowded  to  the  dorsal  surface,  and  finally  in  the  bulb  itself  dis- 
appears entirely.  The  internal,  or  praecommissural  olfactory  tract  lies 
within  this  mass  of  cortical  cells,  and  I have  not  been  able  to  trace  its 
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fibres  beyond  them.  It  has  been  suggested  by  my  brother,  who  first 
observed  this  relation  in  the  opossum,  that  this  is  not  necessarily  a 
true  olfactory  tract,  but  may  be  the  tract  of  this  portion  of  the  cortex.* 
It  passes  caudad,  sinking  into  the  substance  of  the  brain  ventrad  of 
the  striatum,  finally  enters  the  base  of  that  body,  and  continues  its 
course,  as  a largd  well  defined  bundle,  to  the  anterior  commissure 
(Plate  II,  Figs.  2,  7,  and  S,  pc.) 

The  Anterior  Conimissiire  contains  two  sets  of  fibres.  The  cepha- 
lic and  slightly  larger  bundle  has  been  already  described  in  connection 
with  the  olfactory  tracts.  The  caudal  branch  arches  backward,  its 
fibres  passing  caudo-laterad  along  the  ental  border  of  the  lower  portion 
of  the  striatum.  They  can  be  followed  as  far  back  as  the  chiasm.  In 
Geomys  these  two  bundles  fuse  so  that  in  the  body  of  the  commissure 
they  cannot  be  distinguished.  On  the  other  hand  in  Mus  musculus 
and  Fiber  zibethicus  they  remain  distinct  through  the  whole  length  of 
the  commissure,  and  can  be  easily  distinguished  in  transverse  section 
when  the  brain  is  cut  perpendicular  longitudinally  {cf.  Plate  II,  Fig.  i.) 
The  commissure,  after  the  union  of  its  two  portions,  curves  gently  dor- 
sad, so  that  its  highest  point  is  in  the  meson.  In  Erethizon  the  same 
relation  prevails  as  in  Geomys,  though  somewhat  obscured  by  the  en- 
veloping fibres  of  the  striatum  at  the  point  of  separation  of  the  two 
bundles  (Plate  II,  Fig.  3.) 

The  Callosum  is  as  usual  among  rodents.  It  is,  however,  consid- 
erably larger  in  Erethizon  than  in  Geomys,  in  the  former  case  being 
thicker  than  the  fornix  commissure,  in  the  latter  scarcely  as  thick.  It 
extends  caudad- to  a point  as  far  back  as  the  superior  commissure.  In 
Erethizon  its  cephalo-caudad  length  is  14  mm,  in  Geomys,  6 mm. 

The  Striatum  is  a pear-shaped  body  with  the  more  convex  surface 
entad.and  the  larger  end  cephalad.  The  dorsal  aspect  is  arched  and 
quite  free  from  the  surrounding  organs.  The  ventral  surface  is  not  so 
sharply  defined,  but  passes  into  the  substance  of  the  hemisphere.  It 
is  connected  with  the  thalamus  on  the  caudo-ventral  aspect  by  the 
pyramidal  tracts  from  the  peduncle.  The  anterior  commissure  crosses 

■'^See  a paper  on  the  Brain  of  the  Opossum,  by  C.  L.  Herrick,  in  the  forth- 
coming number  of  the  Journal  of  Comparative  Neurology.  According  to  this 
view,  the  various  layers  of  the  olfactory  bulb,  constituting  the  pero  of  Professor 
Wilder,  are  mechanically  superposed  upon  the  pes,  or  cortical  and  ventricular 
portion  of  the  olfactory,  without  sustaining  any  vital  relation  to  it. 

I am  also  indebted  to  this  paper  for  all  comparative  data  with  the  opossum 
which  occur  in  this  article. 
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from  the  most  ventral  part.  As  Stieda  says,  the  cephalic  portion  of 
the  two  striata  are  connected  by  the  septum  lucidum ; but  in  these 
brains  it  is  only  the  most  ventral  parts  which  are  thus  connected,  since 
the  anterior  cornua  of  the  lateral  ventricles  separate  them  dorsally  and 
ventrad  to  these  cornua  the  position  of  each  is  occupied  by  a loose 
reticulum  of  fibres  lying  chiefly  in  the  direction  of  the  ventricle. 

The  gray,  or  nonfibrous  portions  of  the  striatum  contain  numer- 
ous small  cells,  about  half  the  size  of  the  pyramidal  cells  of  the  cortex 
adjacent.  Their  forms  vary,  being  chiefly  pyramidal  or  fusiform,  with 
the  cell  body  almost  perfectly  transparent,  but  the  nucleus  and  nu- 
cleolus stain  very  deeply.  The  nucleus,  however,  is  not  elongated,  as 
in  the  pyramidal  cells  of  the  cortex,  but  circular,  resembling  both  in 
size  and  shape  the  Dieter’s  cells  which  are  very  numerous  in  the  stria- 
tum. 

The  Fornix  is  very  large  in  these  types,  as  in  all  rodents,  and  ap- 
pears to  take  the  usual  course.  Fibres  of  the  descending  fornix  tracts 
are  gathered  into  two  firm  bundles  dorsad  of  the  anterior  commissure 
and  pass  out  caudo-ventrad  from  the  ventro-lateral  angles  of  the  fornix 
body.  They  pass  rapidly  caudad  to  the  end  of  the  cinereum,  then  dip 
abruptly  downward  into  the  mammilliary.  The  latter  body  is  unpaired 
externally.  Internally  its  two  cell-clusters,  or  niduli,  are  rather  ill- 
defined  and  fuse  in  the  meson  ventrally.  The  descending  fornix 
tracts  passing  ventrad  envelop  the  niduli  of  the  mammillare  on  their 
ectal  and  ventral  aspects,  at  the  same  time  sending  fibres  into  their 
substance.  The  fibres  of  the  ascending  fornix  tracts  gather  on  the 
mesal  and  cephalic  aspects  of  these  niduli  into  close  bundles  which 
pass  cephalo-dorsad  and  at  the  same  time  laterad  in  such  a way  as  to 
form  the  usual  figure-of-8  curve.  This  arrangement  prevails  in  the  op- 
possum  and  conforms  in  the  main  with  the  description  given  by  Meynert 
for  the  human  brain.*  By  reason,  however  of  the  great  size  of  the  ciner- 

^Stricker’s  Histology,  American  edition,-  1872,  p.  689.  “The  corpus  candi- 
cans  (s.  mammillare)  is  a ganglion,  which  lies  in  a loop  made  by  the  anterior 
pillar  of  the  fornix  in  twisting  back  upon  itself  (to  enter  the  thalamus,)  and  by 
its  means  a certain  number  of  .the  fibres  of  the  fornix  are  made  to  pass  directly 
into  the  tegmentum  cruris  cerebri.  It  is  a mistake  to  suppose,  with  Jung,  that 
fibres  from  the  fornix  simply  traverse  the  substance  of  the  corpus  candicans,  and 
that  the  superficial  nerve-fibres  which  enclose  the  latter  are  to  be  referred  to  a 
different  source.  On  the  contrary,  the  descending  branch  of  the  crus  fornicis 
first  invests  the  outer  and  posterior  surface  of  the  ganglion,  and  then  twisting 
on  itself,  invests,  under  the  form  of  the  ascending  branch  of  the  same  crus,  the 
inner  and  anterior  surfaces.'’ 
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eum  ipx  rodents,  the  mammillare  is  pushed  far  caudad  and,  in  fact,  lies 
ventrad  of  the  commisure  of  the  optic  lobes.  Thus  the  ascending  for- 
nix tract,  passes  up  in  the  most  caudal  part  of  the  thalamus,  instead  of 
the  cephalic  part,  as  figured  by  Meynert.  Plate  II,  Fig.  2,  illustrates 
this  ascending  tract,  lying  between  the  caudal  end  of  the  third  ven- 
tricle and  the  descending  fornix  tract,  f. 

Optic  Tracts.  Enveloping  the  dorsal  and  caudal  aspects  of  the 
chiasm  is  a dense  cluster  of  very  large  multipolar  cells,  which  in  the 
opossum  has  been  called  the  anterior  nidulus  of  the  cinereum.  They 
are  enveloped  in  a very  loose  reticulum  of  fibres  which  is  quite  free 
from  cells  of  other  sorts.  This  causes  their  strong  protoplasmic  pro- 
cesses to’ stand  with  especial  distinctness.  The  optic  tract  passes 
laterad  from  thif  chiasm  to  the  edge  of  the  thalamus,  thence  dorsad  as 
a compact  bundle  on  its  lateral  aspect.  It  passes  obliquely  dorso-cau- 
dad  over  the  piaegeniculatum,  then  over  the  dorsal  surface  of  the  post- 
geniculatum,  sending  small  fasciculi  of  fibres  through  both  of  these 
bodies  back  to  the  optic  lobes.  The  rest  of  the  fibres  pass  over  the 
dorsal  surface  of  the  thalamus,  entering  the.optic  lobe  on  their  cephalic 
aspect. 

The  Medicommissiire.,  or  soft  commissure,  fills  nearly  the  whole  of  the 
dorsal  portion  of  the  third  ventricle.  As  is  often  stated,  it  is  merely 
an  adhesion  of  the  sides  of  the  thalami  in  the  median  line ; yet  so  inti- 
mate is  the  contact  that  considerable  force  is  necessary  to  separate 
them  in  Geomys,  and  in  Erethizon  this  could  hardly  be  effected  at  all. 
Sections,  moreover,  reveal  no  internal  break  in  the  continuity  of  the 
substance  of  the  thalami  at  this  place,  the  meson  being  occupied  by 
cells  and  fibres  like  the  adjacent  parts.  In  dissecting  overhardened 
brains  of  the  rat,  however,  the  medicommissiire  some  times  falls  apart 
of  its  own  accord.  It  is  nearly  circular  in  section,  in  Erethizon 
about  6.5  mm.  in  diameter,  in  Geomys,  3 mm. 

Habence.  Each  habena  is  a club-shaped  body  lying  on  the  cepha- 
lo-dorsal  aspect  of  the  thalamus.  Their  larger  ends  are  directed 
caudad  and  terminate  near  the  median  line  immediately  under  the 
cephalic  crus  of  the  epiphysis  and  the  superior  commissure.  The 
smaller  ends  gradually  diverge  as  they  pass  into  the  taenia  thalami 
and  down  over  the  cephalic  face  of  the  thalamus.  Microscopically 
the  habena  consists  of  two  sharply  differentiated  parts.  The  median 
portion  is  very  densely  packed  with  small  cells  which  stain  intensely. 
This  is  the  nidulus  of  the  habena.  The  lateral  and  cephalic  portions 
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are  occupied  chiefly  with  fibres,  especially  ectad.  There  are  also 
scattered  cells  lying  laterad  and  ventrad  of  the  nidulus  of  the  habena, 
which  stain  very  feebly.  These  are  multipolar  or  bipolar,  with  occa- 
sional flask-cells  like  those  of  the  rest  of  the  thalamus.  Meynerf  s 
bundle  enters  this  nidulus  from  behind.  This  seems  to  be  what  has 
been  described  in  Vol.  V of  this  bulletin,  page  76,  as  the  nidulus  of 
Meynert’s  bundle,  though  differing  considerably  in  form  and  position 
from  the  arrangement  there  presented.  This  nidulus  of  Meynert’s 
bundle  has  also  been  described  in  reptiles,  though  there  much  further 
caudad  and  ventrad.* 

The  fibres  of  Meynert’s  bundle  pass  caudad  beneath  the  taenia  re- 
ceiving some  fibres  from  the  latter,  as  far  as  tl^i'  superior  com- 
missure. At  this  point  they  turn  abruptly,  pass  caudo- . entrad  through 
the  thaltmus,  cross  the  fibres  of  the  third  nerve  near  their  exit,  and 
disappear.  The  taenia  thalami  pass  cephalo^ ventrad  from  the  crus  of 
the  epiphysis,  lying  dorsad  of  the  median,  denser  cell-cluster,  or  nidu- 
lus of  the  habena.  They  take  the  usual  course,  passing  ventrad  and 
laterad  and  at  least  at  first  somewhat  caudad  behind  the  anterior  com- 
misure,  soon  to  be  lost  among  the  peduncular  fibres. 

The  CojnmissiLral  Apparatus  of  the  Habence  and  Optic  Lobes.  In 
this  region  there  are  two  commissural  systems,  the  first  cephalad,  the 
second  caudad  of  the  epiphysis.  The  first  system  comprises  the  superior 
commissure  and  the  commissure  of  the  habenae.  These  commissures 
are  distinct  in  the  lizard,  f but  in  these  types  are  fused.  The  whole 
may  here  be  called  the  superior  commissure.  It  is  horseshoe  shaped, 
the  convexity  being  caudad  and  dorsad.  Plate  II,  Figs.  9 to  12,  illus- 
trates these  commissural  systems  in  Geomys.  Fig.  10  shows  fibres  from 
the  lateral  parts  of  the  habenae  arching  caudo- dorsad  toward  the  me- 
son, which,  however,  they  do  not  quite  reach  at  this  level.  Fig.  ii 

"■'C.  L.  Herrick,  “Topography  and  Histology  of  the  Brain  of  Certain  Rep- 
tiles,” Journal  of  Comparative  Neurology,  Vol.  I,  p.  26. 

“If  the  superior  projecting  portion  of  the  habena  surrounding  the  base  of 
the  stalk  of  the  epiphysis  be  considered  the  habena  proper,  the  deeper  and  more 
ventro-caudad  portion  may  be  distinguished  as  the  nidulus  of  Mynert’s  bundle, 
or  nidulus  Meynerti.  The  fibres  of  Meynert  can  be  traced  to  the  portion  men- 
tioned (which  in  the  black  snake  forms  a distinct  nidulus.)  The  cells  are  rather 
larger  than  those  of  the  habena,  and  less  compactly  clustered  about  the  walls  of 
the  third  ventricle  extending  some  di§tmice  ventrad.” 

tC,  I>.  Herrick,  loc.  cit. 
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illustrates  this  commissure  in  its  middle  course  slightly  dorsad  to  Fig. 
lo.  The  cephalic  crus  of  the  epiphysis  passes  up  from  the  highest 
point  of  this  commisure.  In  Erethizon  this  commisure  seems  to  be 
stronger  and  lies  well  up  in  the  stalk  of  the  epiphysis,  the  fibres  arch- 
ing much  higher  than  in  Geomys. 

The  second  commissural  system  caudad  of  the  ventricle  of  the 
epiphysis,  is  represented  by  the  posterior  commissure  in  the  caudal  crus 
of  the  epiphysis  and  the  commissure  of  the  optic  lobes  Sylvian  com- 
missure in  the  substance  of  the  corpora  quadrigemina  dorsad  of  the 
aqueduct  of  Sylvius.  The  posterior  commissure  is  a very  strong 
band  forming  the  roof  of  the  third  ventricle  below  the  epiphysis, 
and  also  arching  up  into  the  caudal  crus  of  that  body.  Its  fibres 
pass  ventrad  and  caudad  into  the  substance  of  the  optic  lobes. 
The  commissure  of  the  optic  lobes  consists  for  the  most^part  of 
sparse  fibres  passing  latero-caudad  into  the  dorsal  portions  of  the 
optic  lobes.  At  its  cephalic  end,  fibres  dip  directly  ventrad,  arch- 
ing slightly  caudad,  then  cephalad  in  the  substance  of  the  tegmentum 
to  a point  cephalad  of  the  peduncular  nidulus.  It  is  not  a strong 
commissure  and  its  fibres  do  not  lie  in  immediate  contact  with  the 
epithelium  of  the  ventricle,  as  do  those  of  the  posterior  commissure. 
Cephalad,  the  commissure  of  the  optic  lobes,  seems  to  be  almost, 
if  not  quite,  continuous  with  the  posterior  commissure,  being  dis- 
tinguished from  It  by  its  fewer  fibres,  its  position  removed  from  the 
ventricle,  and  the  direction  of  its  fibres.  In  the  opossum,  how- 
ever, the  continuity  is  distinctly  broken  dorsad  of  the  cephalic  end 
of  the  aqueduct.  Figs.  9 and  14  of  Plate  II  illustrate  the  posteror 
commissure;  Fig.  10,  the  cephalic  fibres  of  the  commissure  of  the 
optic  lobes;  Fig.  ii,  the  sparse  fibres  of  this  commissure  in  the 
middle  portion  of  its  course;  Fig.  12,  its  caudal  end,  the  fibres  con- 
necting the  caudal  members  of  the  corpora  quadrigemina.  It  is 
stronger  and  more  compact  here  than  any  where  else  in  its  course. 

Cranial  Nerves.  The  internal  course  of  the  nerve  roots,  so  far  as 
observed,  conforms  in  general  to  the  usual  descriptions.  The  course 
of  the  third  is  beautifully  shown  by  transverse  sections  of  Geomys 
(Plate  III,  Fig.  5.)  Its  nidulus  lies  immediately  dorsad  of  the  dorso- 
median  fasciculus,  the  fibres  of  which  pass  through  its  lower  portion. 
It  IS  very  small  and  sharply  defined.  The  fibres  passing  down  arch 
laterad  and  pass  through  the  median  portion  of  the  large  peduncular 
nidulus.  The  cells  of  the  latter  are  very  large  and  multipolar,  being 
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much  more  angular  and  irregular  than  the  equally  large  cells  of  the 
third  nidulus.  The  nidulus  of  the  fourth  also  lies  immediately  dorsad 
of  the  dorso-nredian  fasciculus  under  the  aqueduct,  but  considerably 
caudad  of  the  third.  It  is  not  in  contact  with  the  nidulus  of  the  third, 
neither  is  it  separated  from  it  by  fibres  of  the  dorso-median  fasciculus, 
as  in  Arctomys  (Vol.  V,  Plate  X,  Fig.  i.)  The  fibres  take  the  usual 
course  to  the  value  of  Vieussens.  The  course  of  the  fifth  has  not  been 
traced  in  detail.  The  sixth  nerve  springs,  as  in  Arctomys  (Vol.  V, 
Plate  XVII,  Fig.  2,)  from  a small  nidulus  in  the  loop  formed  by  the 
genu  of  the  seventh.  Its  fibres  descend  in  several  fascicles  to  a com- 
mon exit.  The  seventh  takes  the  usual  course,  passing  first  to  the 
genu,  which  projects  into  the  ventricle  entad  of  the  nidulus  of  the 
sixth,  then  turning  abruptly  ventrad  in  many  strands  to  its  nidulus  in 
the  ventral  part  of  the  medulla.  The  course  of  the  eighth  agrees  pretty 
closely  with  Arctomys,  as  described  by  Prof.  Tight  in  Vol.  V,  pages 
58  and  59.  The  nidulus  of  the  root  of  the  eighth  nerve  lies  cephalad 
and  dorsad  of  most  of  the  fibres  as  they  enter  the  medulla.  The 
fibres  of  the  most  cephalic  portion  of  the  root  pass  through  this  nidu- 
lus and  into  the  cerebellum.  A little  farther  caudad  fibres  pass  di- 
rectly mesad  under  the  caudal  crus  of  the  cerebellum  as  it  enters  the 
restiform  body,  some  turning  up  into  the  cerebellum,  some  passing 
farther  mesad  toward  the  ventricle.  Farther  caudad  these  fibres  pass 
through  DeitePs  nidulus,  then  mesad  to  the  eminentia  acustica. 
Deiter’s  nidulus  lies  immediately  entad  of  the  crus  of  the  cerebellum 
at  this  point,  with  large  deeply  staining  multipolar  cells.  Still  farther 
caudad  the  great  mass  of  the  fibres  of  the  eighth  pass  up  and  arch  over 
the  crus  of  the  cerebellum  directly  into  the  eminentia  acoustica, 
Deiter’s  nidulus  having  disappeared.  The  ninth  and  tenth  roots  are 
as  hard  to  distinguish  internally  as  externally.  Their  fibres  pass  dor- 
so-rnesad  to  a nidulus  near  the  floor  of  the  ventricle.  The  eleventh 
was  not  traced.  The  twelfth  niduli  lie  immediately  below  the  ventricle 
at  the  region  of  the  calamus  scriptorius.  Their  large  multipolar  cells 
lie  in  a clear  stroma,  and  the  two  niduli  are  confluent  in  the  meson. 
The  fibres  descend  in  many  bundles  to  their  exits,  passing  by  the 
olives  on  the  cephalo-lateral  aspects  of  the  latter. 


Explanation:  of  Platks. 


PLATE  I. 

Figures  8,  9,  and  10  of  this  plate  were  drawn  by  C.  L.  Herrick. 

Fig.  I.  Brain  of  Erethizon  dorsatus,  ventral  view,  with  the  hypophysis, 
without  the  medulla  and  cerebellum,  twice  natural  size. 

Fig.  2.  Region  of  the  calamus  scriptorius  of  Erethizon  dorsatus,  cerebeb 
lum  removed,  twice  natural  size;  r,  recessus  lateralis;  /,  pedunculus  cerebelli  in 
section;  t,  fasciculus  teres;  a,  eminentia  acustica;  g wz,  genu  of  the  seventh  nerve; 
0,  obex;  cl,  clava;  c,  calimus  scriptorius;  gr,  furniculus  gracilis;  cu,  furniculus  cu- 
neatus  ; Ic,  lateral  columns. 

Fig.  3.  Brain  of  the  Erethizon  dorsatus,  hemisected,  median  view,  cerebel- 
lum removed,  natural  size;  c,  callosum;  f,  fornix  commissure;/^,  praecommissure; 
me,  medicomniissure;  h,  habena;  p,  pedunculus  cerebelli  in  section;  r,  recessus 
lateralis. 

Fig.  4.  Brain  of  Erethizon  dorsatus,  dorsal  view,  natural  size. 

Fig.  5.  Brain  of  Geomys  bursarius,  ventral  view,  hypophysis  removed, 
twice  natural  size;  the  Roman  numerals  refer  to  cranial  nerve  roots. 

Fig.  6.  Brain  of  Erethizon  dorsatus,  ventral  view,  hypophysis  removed, 
twice  natural  size.  The  exit  of  the  third  nerve  is  abnormally  on  the  lateral  as 
pect  of  the  crus  in  this  brain,  by  reason  of  the  fact  that  after  leaving  the  brain  it 
turns  laterad  some  distance  before  penetrating  the  membrane;  cf.  Fig.  i. 

F^g.  7.  Brain  of  Erethizon  dorsatus,  lateral  view,  natural  size. 

F^g.  8.  Brain  of  the  white  rat,  dorsal  view,  natural  size. 

F^g.  9.  Brain  of  Geomys  bursarius,  dorsal  view,  natural  size. 

Fig.  10.  Brain  of  Geomys  bursarius,  lateral  view,  natural  size. 

PLATE  11. 

The  outlines  of  ail  figures  of  this  plate  were  drawn  with  the  aid  of  the  cam- 
era lucida. 

Fig.  I.  Horizontal  longitudinal  section  of  the  brain  of  Mus  musculus  at 
the  level  of  the  anterior  commissure. 

Fig.  2.  Horizontal  longitudinal  section  through  the  brain  of  Geomys  bur- 
sarius at  a level  slightly  ventrad  of  the  anterior  commissure;  rxl,  radix  lateralis, 
or  lateral  olfactory  root;  pc,  praecommissural  tract  of  the  olfactory;  op,  optic 
tract;  f,  descending  fornix  tract  entering  the  mammiliary. 

Fig.  3.  Horizontal  longitudinal  section  through  the  brain  of  Erethizon  dor- 
satus at  the  level  or  the  anterior  commissure,  drawn  to  the  same  scale  as  Fig.  13; 
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y,  descending  fornix  tract  shortly  after  leaving  the  fornix  body;  op^  optic  tract; 
M,  Meynert’s^undle;^///,  peduncular  nidulus  of  the  third  nerve. 

Figs.  4,  5,  6,  7,  8.  A series  of  transverse  sections  through  the  brain  of 
Geomys  bursarius,  drawn  to  a uniform  scale,  which  is  found  under  Fig.  5. 

Fig.  4.  Transverse  section  through  the  olfactory  lobe;  rxl,  fibres  of  the 
radix  lateralis  (really  the  combined  superficial  olfactory  tracts,  gr,  laminated 
granular  layer;  g,  ganglionic  layer;  neuroglia,  or  gelatinus  layer. 

Fig.  5.  Transverse  section  through  the  olfactory  crus;  c,  cortex  of  the  olfac- 
tory crus;  pc,  praecommissural  tract  of  the  olfactory;  rxl,  radix  lateralis. 

Fig.  6.  Transverse  section  at  the  point  of. union  of  the  olfactory  crus  with 
the  hemisphere;  rxl,  radix  lateralis;  pc,  praecommissural  tract;  rxm,  radix 
mesalis,  or  medial  olfactory  root. 

Fig.  7.  Transverse  section  through  the  hemisphere  cephalad  of  the  cal- 
losum; rxl,  radix  lateralis;  pc,  praecommissural  tract;  rxm.  radix  mesalis. 

Fig.  8.  Transverse  section  just  cephalad  of  the  anterior  commissure  ; rxl, 
radix  lateralis;  pc,  praecommissural  tract;  f,  fornix  body;  c,  callosum. 

Figs.  9,  10,  II,  12.  A series  of  horizontal  longitudinal  sections  through  the 
brain  of  Geomys  bursarius,  illustrating  tbe  commissural  apparatus  of  the 
habenae  and^optic  lobes,  all  drawn  to  the  same  scale  as  Fig.  2. 

Fig.  9.  Horizontal  section  through  the  thalamus  and  corpa  quadrigemina 
at  the  level  of  the  posterior  commissure,  which  lies  in  the  centre  of  the  figure; 
t,  taenia  thalami  beginning  to  descend  from  the  habena;  op.  optic  tract. 

Fig.  10.  Horizontal  section  through  the  entire  brain  immediately  dorsad  of 
Fig.  9;  fibres  of  the. superior  commissure  arch  caudo-dorsad  from  the  habenae  to- 
ward the  meson;  at  the  cephalic  terminus  of  the  corpora  quadrigemina  are 
fibres  of  the  commissure  of  the  optic  lobes,  just  cephalad  of  which  is  a small  tri- 
angular depression  which  marks  the  boundary  between  the  optic  lobes  and  the 
thalamus. 

Fig.  II.  Horizontal  section  through  the  thalami  and  corpa  quadrigemina 
immediately  dorsad  of  Fig.  10;  sc,  supracommissure;  op,  optic  tracts;  a few  scat- 
tered fibres  of  the  commissure  of  the  optic  lobes  appear  in  the  center  of  the 
figure. 

Fig.  12.  Horizontal  section  through  the  corpora  quadrigemina  taken  near 
their  dorsal  limit;  the  dorso-median  fissure  has  separated  the  cephalic  members; 
^the  caudal  members  are  connected  by  a strong  bundle  of  fibres  of  the  commissure 
of  the  optic  lobes. 

Fig.  13.  Horizontal  longitudinal  soction  through  the  brain  of  Erethizon 
dorsatus  dorsad  of  the  last,  slightly  inclined  ventro-cephalad;  tth,  taenia  thalami; 
op,  optic  tracts. 

Fig.  14.  Transverse  section  through  the  brain  of  Erethizon  dorsatus  at  the 
region  of  the  posterior  commissure,  which  lies  immediately  above  the  third 
ventricle;  M,  Meynert’s  bundle;  p,  pyramidal  tracts. 

Fig.  15.  Perpendicular  longitudinal  section  through  the  brain  of  Erethi- 
zon dosatus  taken  slightly  laterad  of  the  meson;  sc,  supracommissure;  M,  Mey- 
nert’s bundle;  ///,  exit  of  the  third  nerve  with  the  peduncular  nidulus. 
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PLATE  III. 

A series  of  six  transverse  sections  through  the  brain  of  Geomys  bursarius, 
drawn  to  a uniform  scale  with  the  aid  of  the  camera  lucida,  illustrating  the  hip- 
pocampus and  tracts  of  the  mesencephalon.  The  letters  have  the  same  value  in 
all  figures;  a,  primary  fold  of  the  hippocampus;  ch^  anterior  part  of  chiasm;  cop, 
commissure  of  the  optic  lobes;  f,  descending  fornix  tract;  gu,  gyrus  uncinatus; 
ipn,  interpeducular  nidulus;  le,  lamina  ectalis  (superior);  It,  lamina  entalis  (infe- 
rior;) M,  Meynert’s  bundle;  n 111,  nidulus  of  the  third  nerve;  op,  optic  tract;  pn, 
peduncular  nidulus;  rxl,  radix  lateralis  olfactoria;  j'r,  superior  commissure;  III, 
exit  of  third  nerve. 

Fig.  I.  Transverse  section  immediately  cephalad  of  the  chiasm. 

Fig.  2.  Transverse  section  at  the  level  of  the  superior  commissure. 

Fig.  3.  Transverse  section  through  the  caudal  end  of  the  third  ventricle. 

Fig.  4.  Transverse  section  at  the  region  of  the  mammillary. 

Fig.  5.  Transverse  section  at  the  level  of  the  third  nerve. 

Fig.  6.  Transverse  section  slightly  caudad  of  the  last. 
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Metkorological  Observations  at  Granville. 


The  results  gathered  together  in  the  following  pages  form  a sum- 
mary of  the  observations  of  local  observers  working  under  the  direc- 
tion of  the  Ohio  Meteorological  Bureau,  from  whose  publications  they 
are  taken.  It  was  thought  that  it  would  be  of  value  to  have  all  possi- 
ble information  concerning  this  one  locality  brought  together  so  that 
comparisons  can  be  easily  made  when  the  data  have  been  accummu- 
lated  sufficiently  to  make  them  useful.  It  was  hoped  that  we  might 
find  the  record  of  certain  observations  made  privately — according  to 
local  traditions — a good  many  years  ago,  but  these  have  not  yet  been 
brought  to  light.  The  work  connected  with  the  State  Bureau  was  be- 
gun when  the  latter  was  founded  in  October,  1882.  The  late  C.  W. 
Bryant  started  the  Granville  station,  but  in  January,  1883,  Prof.  J.  L. 
Gilpatrick  began  to  take  observations  and  continued  them  until  June, 
1886,  when  M.  P.  Ashbrook  succeeded  him.  His  removal  from  the 
State  soon  after  caused  a break  in  the  observations  from  Nov.  i,  iSSb"* 
to  Dec.  1888.  At  this  time  the  Denison  Scientific  Association  under- 
took to  obtain  an  observer  and  secure  the  continuation  of  the  inter- 
rupted work.  W.  H.  Herrick  then  began  to  take  the  readings.  Since 
then  under  its  direction  Mr.  Sanford,  E.  U.  Smith  and  A.  H.  Bartle 
have  at  different  times  had  charge  of  the  work.  The  desire  to  have 
their  instruments  in  the  best  possible  locality  in  this  vicinity,  the  ex- 
treme top  of  College  Hill,  has  made  the  taking  of  the  readings  quite 
laborious,  and  accounts  for  the  difficulty  experienced  in  securing  per- 
fect continuity  in  the  observations,  or  long  periods  of  service  from  the 
same  observer. 
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SUMMARY  FOR  NOVEMBER  AND  DECEMBER,  1882. 


Nov 

Dec. 

Nov 

Dec. 

Mean  Relative  Humidity- 

83.8 

87.1 

Number  of  Clear  Days 

5 

4 

Mean  Temperature 

0 

06 

ro 

27-3 

Number  of  Fair  Days 

13 

14 

Highest  Temperature 

71-5 

51.2 

Number  of  Cloudy  Days  — 

12 

13 

Date 

nth 

2lSt 

Number  of  Days  Rain  Fell 

1 2 

10 

Lowest  Temperature 

I|.2 

6.4 

Total  Rainfall 

1-33 

2.03 

Date  _ 

25  th 

8th 

Average  Daily  Rainfall 

.044 

.065 

Range  of  Temperature 

57-3 

57-6 

Prevailing  Direc’n  of  W’ds 

SW 

SW 

Mean  Daily  Ran.  of  Temp. 

M-7 

15-5 

SUMMARY  FOR  THE  YEAR  1884. 


Jan. 

Feb. 

Mar 

Apr. 

May 

June 

July 

Aug 

Sept 

Oct. 

Nov 

Dec. 

Mean  Realative 

Humidity 

Mean  Tempera- 

84.9 

18.7 

88.1 

87.6 

rn 

'-6 

00 

69-5 

72.3 

64-. S 

61. 1 

65.9 

71-5 

77-5 

00 

lU 

00 

ture..  

34-1 

36.6 

47-9 

61.1 

71.7 

72.2 

73-2 

70.4 

56.9 

37-8 

29.4 

Highest  Temper- 

85.0 

ature 

51.0 

62.0 

64.5 

73-4 

93-0 

90.0 

94-5 

93-5 

87.0 

64.0 

58.3 

Date  of  Highest 
Temperature 
Lowest  Temper- 

31st 

1 2th 
19th 

25th 

28th 

30  th 

22d 

23  d 

22d 

23d 

20th 

8th 

3d 

loth 

30th 

ature 

16.3 

3-0 

0.9 

21.6 

34-7 

51.0 

52.0 

45.0 

40.0 

24.0 

12.0 

19-5 

Date  of  Lowest 

Temperature  _ 

5 th 

29th 

4th 

3d 

29th 

15th 

8th 

nth 

19th 

24th 

24th 

19th 

Range  of  Tem- 
peratnre  .. 

67-3 

53-3 

; 42.0 

38.0 

48-3 

53-5 

62.0 

52.0 

77.8 

65.0 

64-5 

51.8 

Mean  Daily  Ran. 

of  Tempera t’ re 
Number  of  Cleat- 

U-5 

17.1 

15.2 

19.9 

21. 1 

23-3 

20.6 

24-3 

24.4 

19.7 

18.2 

15.6 

Days  

Number  of  Fair 

7 

3 

4 

9 

17 

15 

13 

22 

16 

21 

14 

4 

Davs 

7 

7 

9 

12 

7 

q 

16 

9 

Q 

5 

1 1 

J 

J 

Number  of  CPdy 

Day.s 

17 

19 

18 

6 

7 

6 

2 

5 

5 

[ I 

16 

Nunber  of  Days 

Rain  Fell 

1 1 

16 

16 

8 

9 

7 

5 

8 

8 

9 

7 

1 1 

Total  Rainfall  — 
Prevailing  Direc- 

—- 

5-72 

3.00 

1.95 

5-77 

3.06 

2-57 

•75 

3-37 

1.23 

1.23 

3-90 

tion  of  Wind- 

SW 

W 

S 

W 

W 

S 

NW 

SW 

S 

W 

W 

W 

OF  DENISON  UNIVERSITY, 
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^SUMMARY  FOR  THE  YEAR  1883. 


"'i 

Jan. 

Feb. 

Mar 

- 

Ap,'.| 

1 

Alay! 

' 1 L 

June  J Illy  1 Aug  Sept 

Oct. 

Nov 

Dec. 

Mean  Relative 
Humidity 1 

8 4.0 

84.6 

82.9 

75-9 

76.0 

74.0 

70.0 

64.7 

1 

66.4 

79.0 

79.1 

88.9 

Mean  Tempera- 
ture.-   

23 -.s 

30-3 

31-4 

48. 

38.1 

r8.6 

72.2 

69.3 

63.6 

53--’ 

42.7 

32-3 

Highest  Temper- 
ature 

54-0 

70.9 

65.0 

86.0 

84.7 

86.0 

91.0 

92.5 

89.0 

80.8 

70.0 

56.0 

Date  of  Higliest 
Temperature 

27th 

1 6th 

i8th 

14th 

9th 

1 6 th 

34 

2 2d 

14th 

9th 

9th 

6th 

Lowest  Temper- 
ature _ 

-1-5 

6.0 

5-0 

21.9 

32-7 

43.0 

43-0 

40.0 

3^^*  7 

31.0 

9.0 

7.0 

Date  of  Lowest 
Temperature  _ 

22d 

ISt 

20th 

2d 

22d 

i4tK 

31st 

30  th 

9th 

2ISt 

i6th 

22d 

Range  of  Tem- 
perature _ 

55-5 

64.9 

60- G 

6pi 

52.0 

43-0 

48.0 

52-.S 

52.3 

49.8 

61.0 

49.0 

Mean  Daily 
Range  of  Temp 

16.3 

15.2 

18.8 

20.8 

22.0 

21. 1 

21.8 

23.6 

23.6 

16.3 

17.2 

I5-.S 

Number  of  Clear 
Days 

2 

6 

9 

9 

II 

II 

^3 

18 

10 

8 

10 

9 

Number  of  Fair 
Days 

12 

9 

12 

11 

0 

15 

7 

II 

L3 

8 

1 2 

7 

Number  of  Cl’dy 
Days  . 

17 

12 

10 

10 

7 

4 

I 

2 

7 

LS 

8 

15 

Number  of  Days 
Rain  PTll 

15 

9 

7 

6 

9 

5 

9 

3 

8 

9 

9 

L3 

Total  Rainfall  for 
the  Month 

3-45 

5-34 

2.78 

2-33 

4-47 

1.87 

3-33 

.70 

2.63 

4-53 

3-36 

3-76 

Average  daily 
Rainfall 

.III 

.191 

.090 

.078 

.144 

.062 

.107 

.023 

.088 

.146 

.112 

.121 

Prevailing  Direc- 
tion of  Wind- 

W 

NW 

W 

WN 

S\V 

SW 

W 

NW 

N\y 

N 

S 

W 

■-^•Note — That  the  order  of  the  Summaries  for  the  years  1883  and  1S84  are 
transposed. 
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SUMMARY  FOR  THE  YEAR  1885. 


Jan, 

Feb. 

Mar 

Apr. 

May 

June 

July 

Aug 

Sept 

Oct. 

Nov 

Dec. 

Mean  Relative 
Humidity 

84.1 

82.5 

81.0 

86.7 

79.0 

73.6 

68.2 

73-9 

76.2 

82.6 

84.6 

Mean  Tempera- 
ture..   

22.6 

18.6 

28.5 

48-3 

6p.6 

67.7 

75-5 



0-3 

50-4 

40.4 

305 

Highest  Temper- 
ature   

56.0 

50.0 

58.0 

82.0 

85.0 

90.0 

93-0 

83-5 

76.0 

67.0 

59-0 

Date  of  Highest 
Temperature 

6th 

2Sth 

31st 

23d 

17  th 

7 th 

1 7th 



26  th 

ist 

7th 

9th 

Lowest  Temper- 
ature   

-10.0 

-12. 

-2 

22 

33-0 

43- 

46. 



37-0 

u-.s 

20.0 

-I 

Date  of  Lowest 
Temperature  _ 

22d 

nth 

20th 

20th 

14th 

2d 

9th 

30th 

1st 

— 

23d 

24th 

31st 

29  th 

7th 

Range  of  Tem- 
perature _ 

66.0 

62.0 

6.0 

6.) 

c;2.o 

47.0 

47.0 

46-5 

48  5 

47- 

60. 

Mean  Daily 
Range  of  Temp 

i 

1 16. 1 

1 

20. 1 

17.0 

20.3 

21. 1 

23.8 

23.2 



22, 1 

19.0 

^3-7 

14.9 

Number  of  Clear 
Days  — 

1 

i 

13 

1 1 

9 

10 

9 

U 

24 

18 

12 

1 1 

5 

Number  of  Fair 
Davs 

5 

7 

10 

13 

16 

10 

7 



2 

j 

,S 

7 

Number  of  Cl’dy 
Days  . 

i ' 

13 

10 

12 

7 

6 

3 

0 

5 

1" 

14 

19 

Number  of  Days 
Rnin  Fell 

14 

14 

' 10 

7 

9 

1 1 

10 



3 

9 

5 

10 

Total  Rainfall  for 
the  Month. 

4-15 

2.80 

•45 

2-9.S 

3-” 

4.06 

3-90 



2.58 

,3.48 

2.90 

2. 10 

Prevailing  Direc- 
tion of  Wind- 

W 

SW 

W 

W 

W 

W 

W 

— 

W 

W 

W 

W 

OF  DENISON  UNIVERSITY. 
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SUMMARY  FOR  THE  YEAR  1886. 


Jan. 

Feb. 

Mar 

Apr. 

May 

Jun. 

Aug 

Sept 

Oct. 

Nov 

Dec 

Mean  Relative 
Humidity 

9''-7 

88.1 

88.5 

85.5 

75-0 

t 

89.0 

73.0 

Mean  Tempera- 
ture — 

23-5 

26.8 

38*4 

48.9 

63-7 

— 



69.8 

65.0 







Highest  Temper- 
ature 

53-0 

58.0 

74.0 

79.0 

84-5 

92. 

89.0 

90.5 

Date  of  Highest 
Temperature  _ 

4th 

1 1 th 

19th 

13  th 

22d 

30th 

29th 

nth 

9th 

Lowest  Temper- 
ature   

-I  I 

-10. 

8. 

21. 

37-5 

— 

30-3 

44.0 

37-0 







Date  of  Lowest 
Temperature 

nth 

5th 

22d 

8th 

17  th 

2 1st 

4th 

2ISt 

Range  of  Tem- 
perature 

64.0 

68.0 

66.0 

58. 0 

47.0 

— 

41.7 

45-0 

53-5 







Mean  Daily 
Range  of  Temp 

14.7 

17-5 

17.4 

( 18. 1 

22.5 

— 

22.1 

28.8 

26.3 





Number  of  Clear 
Days 

8 

6 

4 

14 

10 

1 1 

13 

Number  of  Fair 
Days  - 

6 

8 

II 

4 

9 

13 

10 

U 

Number  of  Cl’dy 
Days 

20 

12 

14 

5 

8 

10 

0 

Number  of  Days 
Rain  Fell 

14 

5-72 

4 

•73 

\ 2 

7 • 

12 

6 

8 

9 

Total  Rainfall  for 
Month 

2.63 

3-76 

1.59 

3.81 

5-31 

Prevailing  Direc- 
tion of  Wind 

W 

SW 

SW 

W 

S 

— 

NW 

SW 

NW 

— 

— 

— 

■*'The  figures  for  April  are  from  observations  taken  on  the  first  seventeen 
days,  except  the  2d  and  3d. 

tFigures  for  July  are  from  observations  taken  on  all  but  first  five  days  of 
month. 
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^SUMMARY  FOR  THE  YEAR  1889. 


Jan. 

I 

Feb. 

Mar. 

Apr. 

May. 

Junej 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Mean  Uaroineter 

30.06 

30. 1 8 

29.99 

30.02 

29.96 

30.01 

29.97 

i 

30.09 

30.03 

30.11 

30.09 

Highest  Barome- 

ter 

30-53 

30.81 

30.44 

30.54 

30.26 

30.40 

30.26 

30.25 

30.37 

30.39 

30.^5 

Hate 

19th 

2:?d 

30th 

7th 

5^11 

24th 

6th 

27th 

27  th 

23a 

1 6th 

Lowest  Barome 

ter 

29.23 

29.49 

29.61 

^9-54 

29.62 

29.72 

29.67 

29.73 

29.54 

29.73 

29-49 

Date 

27  th 

4th 

7 th 

28th 

30th 

1 8th 

19th 

14th 

20th 

25th 

2lSt 

Range  of  Bar- 

ometer 

1.297 

1.326 

.831 

•995 

•639 

.686 

.582 

.518 

.827 

.660 

1.154 

Mean  Relative 

Humidity 

83.8 

76.4 

71-3 

67.4 

69.2 

80.4 

76.7 

69. 1 

77-9 

74.2 

83.1 

Mean  Tempera- 

ture - 

32-3 

24.8 

40.5 

50.0 

59.3 

65.9 

72.3 

69.3 

62.3 

47-5 

39.8 

Highest  Temper- 

66.0 

ature 

.s5-o 

.59-5 

72.0 

79.0 

89.0 

86.5 

92.0 

92.0 

91.5 

76.5 

Date  

17  th 

17  th 

17  th 

19th 

lOth 

30th 

9th 

31st 

I St 

I ith 

I St 

/ 

Lowest  Temper- 

ature   

14. 0 

-I.O 

18.0 

19.0 

34-5 

40.5 

53-0 

49.5 

36.0 

27.0 

18.0 

Date 

2 2d 

23  d 

9lh 

6th 

is4 

1 St 

1 6th 

ibth 

1st 

24th 

29th 

24  th 

30  th 

2d 

Range  of  Tem- 

perature   

41.0 

60.5 

.51-0 

60.0 

54.5 

46.0 

39.0 

42.5 

55-5 

49-5 

48.0 

Mean  Daily 

Range  of  Temp 
Number  of  Clear 

13-5 

15.6 

19.2 

21. 1 

21. 1 

17-5 

20.2 

L3-9 

19.9 

17.1 

14.1 

Days  . _ 

5 

9 

10 

9 

5 

12 

20 

10 

12 

-) 

/ 

Number  of  Fail- 

Days  - 

0 

9 

7 

10 

15 

1 1 

13 

5 

10 

5 

7 

V 

Number  of  Cl’dy 

1 lays 

I c 

14- 

1 1: 

10 

I 7 

14 

6 

6 

10 

14 

20 

j 

J 

T- 

0 

Number  of  Days 

Rain  Fell 

Total  Rainfall  for 

1 1 

9 

8 

7 

12 

13 

7 

4 

6 

6 

13 

Month 

3-79 

1.25 

1.07  1 

1-43 

2.90 

3-30 

3.76 

0.73 

3-91 

2.23 

4-50 

Prevailing  wimL 

SVV 

SW 

NW  ! 

N 

SW 

SW 

NW 

NW 

SE 

NW 

W 

'•=N()  ohsei'vatioiis  wero  made  at  (ivanville  from  Ocdober,  ’Sd,  to  Deeemlx'r  t,  ’<SS.  Then  the 
Denison  Fniversity  Seientitie  Assoeiation  obtained  an  observer  to  work  under  the  Oliio  Me- 
biorologieai  Bureau.  AVT^aMier  and  wind  observations  were  begun  Deeembcr  1,  and  the  read- 
ing of  tli(>  inslruments  December  11,  l.SS(S. 

No  ol»servations  were  made  in  December,  1<S<S!). 


OF  DENISON  UNIVERSITY. 
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SUMMARY  FOR  THE  YEAR  1890. 


Jan. 

Feb. 

Mar. 

Apr 

May. 

J ^ine 

July. 

Aug. 

Sept. 

Nov. 

Dec. 

t 

g 

II 

Mean  Barometer 

30.18 

30.09 

30.24 

— 

29.92 

29.92 

— 

30.05 

30.01 

30.05 

Highest  Barome- 

ter 

30.68 

30-49 

30.49 

— 

30.26 

30.29 

30.25 

30.29 

30.34 

30.30 

— 

Dfifp 

22d 

28th 

9th 

8th 

nth 

8th 

2 1 St 

23d 

28th 

1 1 th 

Lowest  Barome- 

ter 

29.82 

29.49 

29.99 

— 

^9-59 

29.86 

29.68 

29.70 

29.87 

29-73 

— 

Onfp 

26th 

14th 

nth 

5 th 

22d 

2d 

26th 

13th 

17th 

Range  of  Bar- 

niTiptpr 

.86 

1.003 

-50 

.66s 

•43 

-571 

-.S83 

.468 

.57 

Mean  Relative 

Humidity 

85.2 

85.9 

90.4 

— 

80.5 

71.9 

— - 

.764 

82.2 

73-7 

88.23 

Mean  Tempera- 

28.7 

ture  — 

37-3 

39-2 

— 

59-0 

73-0 

— 

67.7 

61.6 

43-5 

27.27 

Highest  Temper- 

60.0 

86. 

ature  — 

66.0 

65 

— 

92.9 

92.7 

93.9 

85.8 

69.0 

49-0 

Date 

13th 

4th 

nth 

30th 

30th 

31st 

3^1 

6th 

7th 

1 ith 

0 

7th 

i 7th 

Lowest  Temper- 

6.0 

ntnrp 

6 

14.9 



32.2 

49.0 

47-9 

44.4 

37-0 

2?.0 

7.0 

\ 

Date  - 

22d 

9th 

7th 

2d 

7th 

2lSt 

23d 

28  th 

26th 

9th 

27th 

Range  of  Tem- 

perature _ - .. 

60.0 

50.1 

54-0 



53-8 

43-9 

44.8 

49.5 

48.8 

46.0 

42.0 

Mean  Daily 

Range  of  Temp 
Number  of  Clear 

17.4 

17.9 

15-7 

— 

19-5 

21.7 

23.3 

20.4 

20.5 

21.2 

17.8 

Dpy«; 

2 

5 

3 

[ 

4 

20 

1 1 

9 

1 1 

1 1 

Number  of  Fair 

Dayc; 

9 

5 

3 

18 

13 

13 

8 

8 

/ 

0 

Number  of  Cl’dy 

F)ny<; 

15 

18 

9 

12 

3 

4 

7 

6 

9 

I 

y 

Number  of  Days 

Rain  Fell 

Total  Rainfall  for 

12 

8 

6 

10 

5 

7 

1 1 

1 1 

3 

3 

Month 

.OuQ 

6.36 

1.83 

3.36 

2-43 

2.03 

4.48 

7-33 

1. 91 

1. 16 

Prevailing  wind_ 

S 

W 

N ! 

— 

S 

S 

SW 

N 

SW 

SW 

W 

■'='Mean  all  but  first  4 days.  tMean  first  15  days.  .|No  observations  in  April 
and  October.  ^No  observations  June  12-21.  HMean  of  28  days.  ' ^Mean  of  first 
20  days. 
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NOTES  UPON  THE  CLADOCERA,  COPEPODA,  OSTRA- 
CODA  AND  ROTIFERA  OF  CINCINNATI,  WITH 
DESCRIPTIONS  OF  NEW  SPECIES. 

By  C.  H.  Turner. 

[Plates  I-IL] 

This  paper  does  not  pretend  to  be  a monograph  of  the  Rotifera 
and  Micro-crustacea  of  this  locality.  It  is  but  the  embodiment  of  the 
results  of  a three  months’  sludy  of  the  Micro-crustacea  and  the  Ro- 
tifera of  Cincinnati,  Ohio,  and  the  neighboring  country.  It  is  not 
probable  that  all  the  species  of  this  locality  have  been  encountered. 
No  doubt  many  interesting  forms  await  the  discriminating  gaze  of  the 
patient  investigator.  Yet,  it  is  hoped  that  the  present  paper  will  give 
a fair  idea  of  the  micro-carcinological  and  of  the  rotiferon  fauna  of 
this  neighborhood. 

In  a paper  of  such  modest  pretentions,  it  is  not  deemed  neces- 
sary to  re-describe  well  known  species.  Nor  is  it  thought  wise  to  give 
the  complete  bibliography  of  each  species.  Therefore,  the  author 
has  contented  himself  with  appending  to  each  known  species  only 
such  facts  as  may  prove  of  interest  to  other  workers  in  this  line;  and 
to  referring  to  one  or  two  standard  works,  in  which  a complete  de- 
scription will  be  found. 

In  this  connection,  I gratefully  express  my  indebtedness  to  Pro- 
fessor C.  L.  Herrick,  who  kindly  placed  at  my  service  his  extensive 
collection  of  papers  upon  this  subject.  Without  such  literary  aid 
this  paper  would  not  have  been  attempted. 

PART  I,  ROTIFERA. 

The  arrangement  of  this  portion  of  this  paper  is  the  same  as  that 
followed  by  Messrs.  Hudson  and  Gosse,  in  their  monograph  upon 
‘'The  Rotifera,  or  Wheel-animalcules,  Both  British  and  Foreign.” 
London:  Longmans,  Green  & Co.,  1889. 
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ORDER  I,  RHIZOTA. 

Family  FLOSCULARIDAE. 

I Genus  Floscularia,  Oken. 

Sp.  I.  Floscularia  ornata,  Ehrenberg. 

Floscularia  ornata,  Hudson  and  Gosse.  The  Rotifera.  or  Wheel-animalcules, 
Vol.  I,  p.  50;  pi.  I,  fig.  9- 

Floscularia  ornata,  C.  L.  Herrick,  Bull,  of  Sci.  Lab.  of  Denison  Univ., 
Vol.  I,  p. 

This  species  is  not  very  abundant  in  this  locality.  It  is  occasion- 
ally found  attached  to  the  roots  of  the  duck  weed  {Leinnacea  polyrrhi- 
za,  L. ) 

ORDER  II.  BDELl.OIDA. 

Family  PHILODINADAE. 

II  Genus  Philodina,  Ehrenberg. 

Sp.  2.  Philodina  roseola,  Ehrenberg. 

Philodina  roseola,  Hudson  and  Gosse,  The  Rotifera,  or  Wheel-aniinalctdes, 
Vol.  I,  p.  99;  pi.  IX^  fig.  4. 

This  species  is  abundant  in  all  of  our  pools  that  contain  water 
plants.  Occasionally  it  adopts  unique  habitations.  I have  often 
found  one  or  more  of  them  inhabiting  the  cast  off  shells  of  some 
cladocera. 

^P-  3-  Philodina  megalotrocha,  Ehrenberg. 

Philodina  negalotrocha,  Hudson  & Gosse,  The  Rotifera* 

or  Wheel-animalcules,  Vol.  I,  p.  loi;  pi.  IX,  fig.  7. 

This  species  appear  to  be  quite  rare.  I have  encountered  it  but 
once.  Then  it  was  found  among  a mass  of  filamentous  algae  which 
had  been  gathered  from  a shallow  meadow  pool.  There  it  was  quite 
abundant. 

III.  Genus  Rotifer,  Schrank. 

Sp.  4.  Rotifer  vulgaris,  Shrank. 

Rotifer  vulgaris,  Hudson  and  Gosse,  The  Rotifera,  or 

Wheel-animalcules,  Vol.  I,  p.  IC4;  pi.  X,  fig.  2. 

This  species  inhabits  a few  of  our  stagnant  ponds.  It  is  found  in 
company  with  Cyclops  vhidis,  Jurine,  naiad  worms  and  other  filth-lov- 
ing creatures. 
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ORDER  III.  PLOIMA. 

Sub-order.  IL-LORICATA. 

Family.  ASPLANCHNADAE. 

IV.  Genus  Asplanchna,  Gosse. 

^p-  5-  Asplanchna  cincinnatiensis , sp.  n. 

[Plate  I;  Fig.  4,  5.] 

To  the  naked  eye  this  beautifully  transparent  specimen  resembles 
a miniature  sea-urchin. 

Body  of  female  saccate,  free  from  humps,  widest  caudad  of  the 
middle.  The  eye  is  single,  cervical.  When  viewed  by  transmitted 
light,  the  eye  appears  to  be  dark  brown  or  black.  Trophi  incudate, 
not  enclosed  in  a mastax.  Rami  pointed,  extremity  unnotched,  un- 
serrated.  About  half  way  between  the  distal  and  the  proximal  extremity 
of  each  ramus  a large  tooth  projects  entad.  In  the  adult  female  the 
trophi,  when  at  rest,  are  usually  lateral  and  situated  in  the  cervical 
region.  In  the  young  they  are  usually  median.  Flocculent  ribbon 
double,  the  laterad  portion  is  convoluted  at  its  two  extremities;  while 
the  mesad  portion  is  straight  and  bears  about  fifteen  vibratile  tags. 
Gastric  glands  oval.  These  animals  often  contain  several  embryos 
at  the  same  time.  The  nearest  ally  to  this  species  is  A.  brightwellii^ 
Gosse  ; from  this  our  specimen  is  readily  distinguished  by  the  pointed, 
unnotched  rami 

Habitat:  clear  stagnant  water,  containing  plant  life.  This  spe- 
cies is  not  widely  distributed  but  is  very  abundant  where  it  does  occur. 
Either  this  or  a closely  allied  species  his  been  encounted  in  clear 
stagnant  pools  that  do  not  contain  water  plants.  Length  about  i m.m. 

The  Brachionidae  and  allied  forms  appear  to  form  the  chief  food 
of  this  species.  I have  seen  individuals  with  the  remains  of  two  brachi- 
oni  [Brachionis  urceolaris,  Ehrenberg),  in  its  stomach  at  the  same  time. 
On  another  occasion  I saw  them  gorged  with  the  remains  of  Anur- 
aea  cochlearis^  Gosse. 

Sub-order.  LORICATA. 

Family.  RATTULIDAE. 

V.  Genus  Mastigocerca,  Gosse. 

Sp.  6.  Mastigocerca  rattus,  Ehrenberg. 

Mastigocerca  rattus,  1 1 udson  and  Gosse,  The  Rotifera  or 

Wheel-animalcules;  Vol.  II,  p.  6i\  pi.  XX,  tig.  9. 
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Monocerca  rattus,  * C.  L.  Herrick,  Bull.  Sci.  Lab.  of 

Denison  Univ.,  Vol.  I,  p.  51. 

This  species  is  not  widely  distributed  but  is  abundant  among  the 
roots  of  the  duckweeds  polyrrJiiza^  L.)  of  a few  of  our 

ponds  and  canal  basins. 

VI.  Genus  Rattulus,  Ehrenberg. 

Sp.  7-  Rattulus  tigris,  Mueller. 

Rattulus  tigris,  * Hudson  and  Gosse,  The  Rotifera,  or 

Wheel-animalcules,  Vol.  H,  p.  65;  pi.  XX,  fig.  13. 

Diurella  tigris,  t - * C.  L.  Herrick,  Bull.  Sci.  Lab.  Denison 

Univ.,  Vol.  I,  p.  49. 

This  species  is  very  abundant  in  our  weedy  canal  basins. 

Family  DINOCHARIDAE. 

VII.  Genus  Scaridium,  Ehrenberg. 

Sp.  8.  Scaridium  longicaudum,  Ehrenberg. 

Scaridium  longicaudum , Hudson  and  Gosse,  The  Rotifera 

or  Wheel-animalcules,  Vol.  H,  p.  65;  pi.  XXI,  fig.  13. 

Although  not  widely  distributed,  this  species  is  quite  abundant 
among  the  roots  of  the  duckweed  [^Lemnacea  polyrrhiza^  L.)  in  the 
few  ponds  and  canal  basins  where  it  does  occur.  • 

Family  SALPINADAE. 

VIII.  Genus  Salpina,  Ehrenberg. 

Sp-  9-  Salpina  mucronata,  Ehrenberg. 

Salpina  mucronata,  * * Hudson  and  Gosse,  The  Rotifera,  or 

Wheel-animalcules,  Vol.  H,  p.  83;  pi.  XXH,  fig.  i. 

This  species  is  found  in  all  of  our  weedy  pools. 

Sp.  10.  Salpina  hrevispina,  Ehrenberg. 

Salpina  brevispina,  * Hudson  and  Gosse,  The  Rotifera,  or 

Wheel-animalcules,  Vol.  H,  p.  65;  pi.  XXH,  fig.  4. 

This  is  covered  with  impressed  dots  as  described  by  Hudson  and 
Gosse.  This  species  is  not  so  abundant  as  S.  mucronata. 

Family  EUCHLANIDAE. 

IX.  Genus  Euchlanis,  Ehrenberg. 

Sp.  II.  Euchlanis  dilitata,  Ehrenberg. 

Euchlanis  dilitata,  Hudson  and  Gosse,  The  Rotifera  or 

Wheel-animalcules,  Vol.  II,  p.  90;  pi.  XXIII,  fig.  5. 
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Euchlanis  (dilitata)  hipposideros,  * * C.  L.  Herrick,  Bull. 

Sci.  Lab.  Denison  Univ.,  Vol.  I,  p.  47;  pi.  Ill,  fig.  2. 

This  is  very  abundant  in  those  ponds  that  contain  Lemnacea 
polyrrhiza^  L. 

Sp.  12.  Euchlanis  triquctra,  Ehrenberg. 

Eucelanis  triquetra,  Hudson  and  Gosse.  The  Rotifera 

or  Wheel-animalcules,  Vol.  II,  p.  91  ; pi.  XXIII,  fig.  4. 

This  species  is  not  common. 

Family  CATHYPNADAE. 

X.  Genus  Cathypna,  Gosse. 

Sp-  13-  Cathypna  ohioensis,  Herrick. 

Distyla  ohioensis,  C.  L.  Herrick,  Bull.  Sci.  Lab.  of 

Denison  Univ.,  Vol.  I,  p.  54;  pi.  XII,  fig.  i. 

This  species  is  not  common.  It  has  been  encountered  once  or 
twice  in  our  canal  basins. 

Sp.  14-  Cathypna  leontina,  sp.  n 
[Plate  I;  Fig.  12.] 

Lorica  smooth,  sub-ellipsoidal,  cephalad  margin  excavated. 
Dorsal  valve  larger  than  the  ventral.  Caudad  margin  of  the  dorsal 
valve  furnished  with  a projecting  plate.  Eyes  ellipsoidal.  Toes  two, 
rod-like.  Near  the  distal  extremity  of  each  toe,  there  is  a small  lat- 
eral tooth.  From  this  tooth  the  toe  slopes  obliquely  to  a terminal 
point. 

There  is  a deep  lateral  invagination  and  the  animal  has  the  habit 
of  retaining  its  head  within  the  lorica;  these  two  traits  render  this  spe- 
cies a Cathypna  and  not  a Distyla.  This  species  is  separated  from 
Cathypna  ohioensis^  Herrick,  its  nearest  ally,  by  the  smooth  lorica  and 
the  structure  of  the  toe. 

This  species  is  very  rare.  So  far  it  has  been  encountered  in  but 
one  small,  weedy  pool.  Even  there  it  is  only  occasionally  seen. 

XL  Genus  Monostyla,  Ehrenberg. 

Sp.  15.  Monostyla  lunaris,  Ehrenberg. 

Monostyla  lunaris,  Hudson  and  Gosse,  The  Rotifera, 

or  Wheel-animalcules,  Vol.  II,  p.  98;  pi.  XXV,  fig.  2. 

This  species  is  not  common.  Occasionally,  it  is  found  in  our 
weedy  pools. 
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Sp,  i6.  Monostyla  qwadridentata,  Ebrenberg. 

[Plate  I;  Fig.  lo.] 

Monostyla  quadridentata,  Hudson  and  Gosse,  The  Ro- 

tifera  or  Wheel  animalcules,  Vol.  II,  p.  lOo;  pi.  XXV,  fig.  3. 

Monostyla  quadridentata,  * C.  L.  Herrick,  Bull.  Sci. 

Lab.  Denison  Univ.,  Vol.  I,  p.  53;  pi.  IV,  fig.  3. 

This  species  is  abundant  in  all  of  our  fresh  water  ponds. 

Sp.  1 7-  Monostyla  truncata,  sp.  n. 

[Plate  I;  Fig.  ii.] 

Lorica  subovate,  cephalad  margin  truncate,  straight,  caudad  mar- 
gin convex.  Eye  single,  median,  near  the  mastax.  Mastax  large, 
trophi  sub-malleate.  Foot  moderate,  non-contractile,  terminating  in 
a single  toe. 

In  the  specimen  examined,  the  cephalad  extremity  of  the  body 
appeared  to  be  bifurcate ; this  may  have  been  an  illusion  due  to  the 
point  of  view. 

This  species  is  very  rare.  I have  seen  only  one  specimen.  The 
truncated  cephalad  margin  of  the  lorica  serves  to  distinguish  this  spe- 
cies from  all  others. 

Family  COLURID.A.E. 

XII.  Genus  Metopidia,  Ehrenberg. 

Sp.  1 8.  Metopidea,  hractea,  Ehrenberg. 

Metopidia  bractea,  * * Hudson  and  Gosse,  The  Rotifera, 

or  Wheel-animalcules,  Vol.  II,  p.  109, 

Squamella  bractea,  C.  L.  Herrick,  Bull.  Sci.  Lab.  of 

Denison  Univ.,  Vol  I,  p.  54;  pi.  IV,  fig  2. 

This  species  is  not  abundant. 

Sp.  19.  Metopidia  elliptica,  sp-  n. 

[Plate  I ; Fig.  8.] 

Lorica  smooth,  sub-elliptical,  about  twice  as  long  as  broad. 
Caudad  margin  of  ventral  valve  excavated.  From  the  cephalad  ex- 
tremity of  the  body,  two  small,  but  conspicuous,  lateral  ears  project. 
Joints  of  the  foot  sub-equal.  The  two  terminal  toes  pointed,  and  as 
long  as  the  remainder  of  the  foot. 

This  species  is  not  common.  It  is  occasionally  encountered  in 
pools  covered  with  monocellular  algae. 
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Sp.  20.  Metopidia  dentata,  sp.  n. 

[Plate  I;  Fig.  9.] 

In  the  shape  of  the  lorica,  this  species  resembles  M.  elliptica. 

Lorica  smooth  sub-elliptical,  cephalad  margin  excavated. 
From  the  bottom  of  the  cephalad  excavation  of  the  ventral  portion 
of  the  lorica,  a convex  tongue  projects  half  way  to  the  cephalad  ex- 
tremity of  the  lorica.  Caudad  margin  of  the  ventral  valve  excavated. 
The  distal  joint  of  the  foot  about  as  long  as  the  combined  length  of 
the  other  two.  The  terminal  toes  are  about  as  long  as  the  distal  joint 
of  the  foot.  At  the  base  each  toe  is  supplied  with  a small,  sharp,  lat- 
eral spine. 

Length  of  lorica  about  104  micro-millimetres;  breadth,  about 
65  micro-millimetres. 

This  species  is  very  rare.  Having  seen  it  but  once,  I do  not  put 
much  stress  upon  the  convex  tongue  seen  upon  the  cephalad  portion 
of  the  ventral  valve.  I fear  that  that  may  be  only  a chance  variation. 
But  the  relative  lengths  of  the  joints  of  the  feet,  the  relative  length  of 
the  toes,  the  spines  at  the  base  of  the  toes — all  these  are  characters 
which  distinguish  it  from  M.  elliptica^  its  nearest  ally. 

Family  PTERODINADAE. 

XIII.  Genus  Pterodina,  Ehrenbejg. 

Sp.  21.  Pterodina  patina,  Ehrenberg. 

Pterodina  patina,  * Hudson  and  Gosse,  The  Rotifera  or 

Wheel-animalcules,  Vol.  II,  p.  112;  pi.  XXVI.  fig.  11. 

Pterodina  patina,  * C.  L.  Herrick,  Bull.  Sci.  Lab.  of 

Denison  Univ.,  Vol.  I,  p.  59;  pi.  I,  fig.  3. 

This  species  is  very  abundant  around  the  roots  of  the  duckweeds 
{Lernnacea polyrrhiza^  L.)  of  our  larger  ponds  and  canal  basins. 

Family  BRACHIONIDAE. 

XIV.  Genus  Brachionus,  Ehrenberg. 

Sp.  22.  Brachionus  pala,  Ehrenberg 

Brachionus  pala,  ^ Hudson  and  Gosse,  The  Rotifera,  or 

Wheel-animalcules;  Vol.  II,  p.  117;  pi.  XXVH.  fig.  3;  and  pi. 
XXVIII,  fig.  3. 

This  species  is  occasionally  encountered  in  one  or  two  of  our 
shallow  meadow  pools.  The  specimens  encountered  so  far  resemble 
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what  Ehrenberg  has  called  Brachionus  ampiceros.  Hudson  and  Gosse 
consider  this  to  be  a variety  of  B.  pala. 

Sp.  23.  Brachionus  urccolaris,  Ehrenberg. 

Brachiomus  urceolaris,  Hudson  and  Gosse,  The  Rotif- 

era,  or  Wheel-animalcules,  Vol.  II,  p.  118;  pi.  XXVII,  fig.  6. 

It  is  not  easy  to  decide  whether  the  species  here  described  is  B. 
wceolaris  or  B.  rubens.  After  some  hesitation  I have  considered  it  to 
be  the  former.  I append  a description  : 

Lorica  sub-quadrangular,  longer  than  broad.  Cephalo-dorsad 
margin  of  the  lorica  bearing  six  straight  teeth  Lateral  teeth  largest, 
Middle  pair  next  in  size.  None  of  the  teeth  very  large,  the  lateral 
teeth,  however,  are  relatively  larger  than  the  corresponding  teeth  of 
the  British  species.  Between  the  middle  teeth  there  is  a shallow,  con- 
cave, depression.  From  the  base  of  the  tooth  to  the  bottom  of  this 
depression  is  about  as  long  as  the  height  of  the  tooth.  ('ephalo  \'en- 
trad  margin  of  the  lorica  slightly  elevated  and  indented  at  the  meson. 
Laterad  margin  of  lorica  straight,  caudad  margin  convex.  No  caudal 
spines.  A sub-square  orifice  in  the  middle  of  the  caudo- ventrad  mar- 
gin of  the  lorica  serves  for  the  exit  of  the  very  flexible,  wrinkled, 
foot.  This  orifice  is  bordered  by  two  lateral  papillae. 

This  species  is  often  encountered  in  ponds  containing  plant  life. 
Either  this  or  a closely  allied  species  is  often  found  attached  to  the 
lorica  of  Moina  paradoxa,  Weismann. 

Sp.  24.  Brachionus  halccri,  Ehrenberg. 

[Plate  I;  Figs.  1-3.] 

Brachionus  bakeri,  Hudson  and  Gosse.  The  Rotifera, 

or  Wheel-animalcules;  Vol.  II,  p.  120;  pi.  XXVH.  fig.  8. 

Brachionus  bakeri,  '='■  C.  L.  Herrick,  Bull.  Sci,  Lab.  of 

Denison  Univ.,  Vol,  I,  p.  55. 

This  is  the  commonest  of  our  Brachionidae  and  it  is-  subject  to 
great  variations,  not  only  in  appearance  but  also  in  size.  Some  varie- 
ties appear  to  be  fully  one-third  again  as  large  as  others. 

The  markings  upon  the  loriea  vary  in  different  individuals.  In 
some  cases  the  lorica  is  smooth,  while  in  others  it  is  more  or  less 
facetted  and  granulated. 

The  shape  of  the  depression  between  the  middle  teeth  of  the 
cephalo-dorsad  margin  of  the  lorica  also  varies.  In  some  individuals 
this  depression  is  acute,  while  in  others  it  is  strongly  convex. 
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This  species  is  found  in  ponds  containing  plant  life.  Sessile 
vorticellidae  are  often  found  attached  to  the  lorica  of  this  species. 
Sometimes  they  are  situated  at  the  cephalad  extremity  of  the  lorica, 
evidently  appropriating  a portion,  of  the  food  attracted  by  the  cilia  of 
the  Brachionus ; while  in  other  cases  these  vorticellidae  are  attached 
to  other  parts  of  the  lorica. 

Sp.  25.  Brachionus  militaris,  Ehrenberg. 

Brachionus  militaris,  * Hudson  and  Gosse,  The  Rotifera 

or  Wheel-animalcules;  sup.,  p.  52;  pi.  XXXIV,  fig.  23. 

Brachionus  militaris,  C.  L.  Herrick,  Bull.  wSci.  Lab.  of 

Denison  Univ,,  Vol.  I,  p.  56;  pi.  X,  fig.  10. 

During  mid  summer  this  species  was  abundant  in  all  of  our  weedy 
pools.  It  seems  to  be  fond  of  wallowing  in  the  debris  that  is  found 
at  the  bottom  of  such  pools. 

Sp.  25.  Brachionus  tuber  cuius, 

[Plate  I;  Fig.  6.] 

Lorica  sub-rectangular,  slightly  wider  than  long  (spines  excluded), 
warted.  The  cephalo-dorsad  margin  is  supplied  with  six  teeth.  The 
middle  teeth  are  much  larger  than  any  of  the  others.  Next  in  size 
come  the  lateral  teeth.  Between  the  two  middle  teeth  there  is  a nar- 
row, concave  excavation.  The  cephalo-ventrad  margin  of  the  lorica 
is  feebly  convex.  This  margin  is  supplied  with  four  small,  sub-equal 
crenations.  Two  of  these  are  situated,  one  near  each  lateral  surface 
of  the  lorica ; the  remaining  two  are  located  near  the  meson.  Be- 
tween the  two  sub-median  crenations  there  is  a shallow  concave  exca- 
vation. The  laterad  margins  of  the  lorica  are  convex.  The  caudad 
margin  is  straight.  At  its  corners  it  is  supplied  with  two  long  spines  ; 
these  spines  are  more  than  half  the  length  of  the  body  of  the  lorica. 
The  orifice  for  the  protrusion  of  the  foot  is  guarded  by  two  small, 
unequal  spines. 

The  whole  lorica  is  densely  covered  with  small  tubercles,  hence 
the  name.  These  tubercles  are  found  even  upon  the  larger  teeth  of 
the  cephalad  margin  and  upon  the  spines.  In  a few  individuals  the 
spines  appeared  to  be  unwarted.  The  foot  is  very  flexible. 

During  mid-summer  this  species  was  very  abundant  around  the 
roots  of  the  duckweeds  (Lemnacea  polyrrhha^  L.),  of  one  of  our  larger 
ponds. 
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Family  Anuraeadae. 

XV.  Genus  ^Vnuraea,  Gosse,  nec  Ehrenberg. 

Sp.  27.  Anuraea  tecta,  Gosse. 

Anuraea  tecta,  Hudson  and  Gosse,  The  Rotifera  or 

Wheel-animalcules,  Vol.  II,  p.  123;  pi.  XXIX,  fig.  10. 

During  the  latter  part  of  summer  a single  individual  of  this  species 
was  encountered  in  one  of  our  shallow,  weedy  ponds. 

Sp.  28.  Anuraea  coehlearis,  Gosse. 

[Plate  I;  Fig.  7.] 

Anuraea  coehlearis,  Hudson  and  Gosse,  the  Rotifera 

or  Wheel-animalcules;  Vol.  H,  p.  124;  pi.  XXIX,  fig.  7. 

Myriads  of  this  species  have  been  encountered  in  one  of  our  clear 
ponds.  Here,  as  in  England,  they  are  much  preyed  upon  by 
Asplanchnas. 

PART  II.  CRUSTACEA. 

The  arrangement  adopted  in  this  portion  of  this  paper  is  the  same 
as  that  followed  by  Professor  C.  L.  Herrick,  in  his  ‘‘Final  Report 
Report  upon  the  Crustacea  of  Minnesota.” 

ORDER  CLADOCERA. 

Family  SIDIDAE. 

I.  Genus  Sida,  Straus. 

Sp.  I.  Sida  crystallina,  Mueller. 

Sida  crystallina,  C.  L.  Herrick,  Final  Report  on  Min- 

nesota Crustacea,  p.  20. 

This  beautiful  species  appears  to  be  quite  rare  in  this  locality.  I 
have  seen  it  but  once.  On  the  17th  of  April,  1891,  several  were 
found  among  the  Sagittaria  in  one  of  our  canal  basins. 

Family  DAPHNIDAE. 

H.  Genus  Moina,  Baird. 

Sp.  2.  Moina  paradojca,  Weismann. 

Moina  paradoxa,  C.  L.  Herrick,  Final  Report  on  Min- 

nesota Crustacea,  p.  34;  pi.  A,  figs:  I,  3,  6,  7,  9. 

During  the  latter  part  of  summer  and  the  early  part  of  fall,  this 
species  was  very  abundant  in  several  of  the  stagnant  pools  that 
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occupy  the  bottom  lands  upon  either  side  of  the  Ohio  River.  Ephip- 
pial  females  appear  about  the  middle  of  September. 

A certain  species  of  Brachionus — probably  Brachionus  urceolaris^ 
Weismann — is  often  found  attached  to  this  animal. 

III.  Genus  Scapholeberis. 

Sp-  3-  Scapholeberis  jriueronata^  Mueller. 

Scapholeberis  mucronata.  '''  -'■  C.  L.  Herrick,  Final  Report 

on  Minn.  Crustacea,  p.  42;  pi.  J,  fig.  5. 

This  species  is  abundant  in  all  of  our  ponds. 

The  brood  cavity  usually  contains  two  embryos,  each  of  which  is 
about  as  long  as  that  cavity.  The  head  of  one  embryo  is  directed 
caudad,  while  the  head  of  the  other  is  directed  cephalad. 

Ephippial  females  appear  about  the  latter  part  of  September. 

IV.  Genus  Simocephalus. 

Sp.  4.  Simocephalus  Vetulus.  Mueller. 

Simocephalus  vetulus,  C.  L.  Herrick,  Final  Report  on 

Minn.  Crustacea,  p.  46. 

This  species  is  abundant  in  all  of  our  canal  basins  and  in  many 
of  the  ponds  that  contain  plant  life.  It  varies  in  hue  from  almost 
colorless  to  a brick  red. 

V.  Genus  Daphnia. 

Sp.  5 Daphnia  puleoc,  Mueller. 

Daphnia  pulex,  C.  L.  Herrick,  Final  Report  on  Minn. 

Crustacea,  p.  56. 

This  species  is  very  abundant  and  is  found  in  the  same  situations 
as  Moina  paradoxa^  Weismann.  They  are  fond  of  foul  water  and  a 
dump  pond  is  sure  to  be  filled  with  them.  The  body  is  often  covered 
with  Vorticellidae  and  other  Infusorians. 

Ephippial  females  appear  about  the  middle  of  September. 

Family  LYCEIDAE. 

Sub-family  LYCEINAE. 

VI.  Genus  Lynceus. 

Sub-genus  Alona. 

Sp.  6.  Alona  porrecta,  Birge. 

Alona  porrecta,  C.  L.  Herrick,  Final  Report  on  Minn. 

Crustacea,  p.  99. 
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Althoiigli  not  abundant,  this  species  has  been  encountered  several 
times. 

Sp.  7.  AlOflCb  ^lacialis,  Birge. 

Alona  glacialis,  C.  L.  Herrick,  Final  Report  on  Minn. 

Crustacea,  p.  lOo. 

This  species  is  very  scarce. 

J^p-  8.  Alona  intermedia,  bars. 

Alona  intermedia,  * C.  L.  Herrick,  Final  Report  on 

Minn.  Crustacea,  p.  loi;  pi.  I,  fig.  15. 

Sub-genus  Pleura xus. 

Sp.  9-  Pleurojoas  denticulatus,  Birge. 

Pleur  oxus  denticulatus,  C.  L.  Herrick,  Final  Report 

on  Minn.  Crustacea,  p.  no;  pi.  G,  figs.  12,  13. 

This  species  is  abundant  in  all  of  our  canal  basins  and  in  several 
of  the  larger  ponds. 

The  number  of  teeth  upon  the  caudo-ventrad  angle  of  the  shell 
varies  from  one  to  three. 

Sp.  10.  Pleurojoas  hamatus,  Birge. 

Pleuroxus  hamatus,  " C.  L.  Herrick,  Final  Report  on 

Minn.  Crustacea,  p.  no;  pi.  H,  fig.  i. 

Although  not  widely  distributed,  this  species  is  quite  abundant  in 
the  few  canal  basins  and  large  ponds  where  it  does  occur. 

A few  slight  deviations  from  the  descriptions  that  I have  seen  of 
this  species  tempt  me  to  give  a complete  description.  I have  not  seen 
Professor  Birge’s  description.  Shell  long  and  low,  about  twice  as  long 
as  high.  Length  about  478  micro-millimetres,  height  about  278 
micro-millimetres-  Caudad  margin  of  shell  straight,  about  two- 
thirds  as  high  as  the  greatest  height  of  the  shell.  Caudo- 
ventrad  angle  of  shell  not  toothed,  but  is  margined  with  min- 
ute sharp  points.  Ventrad  margin  straight  or  feebly  concave, 
supplied  with  a fringe  of  long  hairs.  Beak  curved  caudad,  about 
twice  as  long  as  the  antennules,  including  hairs.  Shell  is  coarsely 
marked  with  the  same  lines  that  adorn  the  shell  of  P.  denticulatus. 
In  addition,  the  whole  shell  is  closely  striated  with  fine,  undulating, 
sub-parallel,  longitudinal,  lines.  These  striations  extend  out  upon  the 
beak.  Eye  larger  that  the  pigment  fleck.  First  foot  of  the  female 
supplied  with  a claw.  The  post  abdomen  is  long,  slender,  truncated. 
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Its  caudad  border  is  supplied  with  a row  of  sharp  teeth.  The  distal 
teeth  are  the  longest,  thence  they  gradually  decrease  in  length.  The 
terminal  claw  of  the  post  abdomen  is  supplied  with  two  short  basal 
spines. 

VII.  Genus  Chydorus,  Leach. 

II-  Chydorus  sphaericus,  Mueller. 

Chytlorus  sphaericus.  C.  L.  Herrick,  Final  Report  on 

Minn.  Crustacea,  p.  116,  pi.  F,  figs.  4,  7,  8,  10. 

This  species  is  very  abundant  in  shallow,  wredy,  pools. 

ORDER  COPEPODA. 

Family  CALANIDAE. 

VIII.  Genus  Diaptomus,  Westwood. 

Sp.  12.  Diaptomus  pallidas,  Herrick. 

Diaptomus  palliaus,  '=■  C.  L,  Herrick  Final  Report  on 

Minn.  Crustacea,  p.  I42;  pi.  Q.  fig.  17. 

This  species  is  quite  abundant  in  two  or  three  of  our  shallow 
ponds.  Its  transparency  renders  its  detection  difficult, 

IX.  Genus  Cyclops,  Mueller. 

( A uten  nae  ij-join  ted. ) 

Sp-  13-  Cyclops  ater,  Herrick. 

Cyclops  ater,  ® C.  L.  Herrick.  Final  Report  on  Minn. 

Crustacea,  p.  I45;  pi.  Q'2,  figs.  9-12, 

Cyclops  ater,  * C.  L.  Herrick,  Crustacea  of  Alabama, 

P-  14- 

This  species  is  occasionally  encountered  in  the  larger  canal  basins. 

Sp-  14-  Cyclops  viriddS.  Jurine. 

Cyclops  viridis,  '''■  '=•  ''''  C.  L.  Herrick,  Final  Report  on  Minn. 

Crustacea,  p.  145. 

This  species  is  found  in  all  of  our  waters.  It  is  especially  abun- 
dant in  stagnant  water.  Occasionally  this  animal  is  colorless,  but 
usually  it  is  rendered  green  by  myriads  of  green  infusoria  which  at- 
tach themselves  to  its  body.  Occasionally  species  of  Vorticellidae 
are  seen  attached  to  its  body. 

Sp-  '5-  Cyclops  parcus,  Herrick. 

Cyclops  parcus,  * ''■  C.  L.  Herrick,  Final  Report  on  Minn. 

Crustacea,  p.  145. 
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This  species  is  frequently  found  in  our  canal  basins. 

Sp  1 6.  Cyclops  tcnuicornis , Claus. 

Cyclops  signatus,  * G.  S.  Brady,  British  Copepoda,  Vol. 

I,  p.  loo;  pi.  XVII,  figs.  4-[2, 

Cyclops  tenuicornis,  G.  S.  Brady,  British  Copepoda, 

Vol.  I,  p.  102;  pi.  XVIII,  figs.  I- 10. 

Cyclops  tenuicornis,  C.  L.  Herrick,  Final  Report  on 

Minn.  Crustacea,  p.  153.  pi.  R fig.  16. 

This  species  is  very  abundant  in  many  of  our  ponds  and  canal 
basins.  Here  we  have  two  distinct  varieties.  In  one  variety  the 
knife-edge  upon  the  distal  joint  of  the  antennae  is  smooth,  in  the 
other  it  is  toothed.  This  second  variety  might,  with  propriety,  be 
divided  into  two  sub-varieties.  In  one,  the  usual  case,  the  teeth  upon 
the  knife-edge  are  small  triangles;  in  the  other  they  are  stout  hooks. 
The  case  where  the  teeth  are  small  triangles  corresponds  to  C.  signatus^ 
Koch. 

{^Anten7iae  12-jointed.) 

Sp.  17-  Cyclops  serrulatus,  Fischer. 

Cyclops  serrulatus,  G.  S.  Brady,  British  Copepoda, 

Vol.  I,  p.  109;  pi.  XXII,  figs.  1-14. 

Cyclops  serrulatus,  * '''■  C.  L.  Herrick,  Final  Report  on 

Minn.  Crustacea,  p.  157;  pi.  O,  figs.  17-19. 

This  species  is  common  in  all  of  our  weedy  ponds. 

Sp.  18.  Cyclops  Uuviatilis,  Herrick. 

Cyclops  fluviatilis,  ''''  -='■  C.  L.  Herrick,  Final  Report  on 

Minn.  Crustacea,  p.  159;  pi,  Q5,  figs.  1-9. 

Cyclops  fluviatilis,  C.  L.  Herrick,  Alabama  Crustacea, 

P-  15- 

Although  not  widely  distributed,  yet  this  form  is  very  abundant 
in  the  few  peaty  pools  where  it  does  occur. 

{Afite?inae  ii-jointed.) 

Sp.  19.  Cyclops  phalcratiLS,  Koch. 

• 

Cyclops  phaleratus,  '=■  G.  S.  Brady,  British  Copepoda, 

Vol.  I,  p.  1 16;  pi.  XXIII,  figs.  7-13 

Cyclops  phaleratus,  C.  L.  Herrick,  Final  Report  on 

Minn.  Crustacea,  p.  161;  pi.  R,  figs.  6-1O. 

This  species  is  rare. 
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iyAntennae  8-jointed.) 

Sp.  20.  Cyclops  ftwbbriatus , Fischer. 

Cyclops  crassicornis,  G.  S.  Brady,  British  Copepoda, 

Vol.  I,  p.  118;  pi.  XXIII,  figs.  1-6. 

Cyclops  fimbriatus,  ■='  ' C.  L.  Herrick,  Final  Report  on 

Minn.  Crustacea,  p.  162,  pi.  R,  fig.  ii. 

This  species  is  abundant  in  all  of  our  pools.  It  varies  in  color 
from  a faint  pinkish  hue  to  a brick  red. 

ORDER  OSTRACODA. 

X.  Genus  Cypris,  Mueller. 

Sp.  21.  Cypris  virens,  Mueller. 

Cyyris  virens,  '='■  '='■  •='  G.  S.  Brady,  Recent  British  Ostracoda, 

p.  364,  pi.  XXIII,  figs.  23-32;  pi.  XXXVI,  fig.  I. 

Cypris  virens,  Brady  and  Norman,  Ostracoda  of  North 

Atlantic  and  Northwest  Europe,  part  I,  p.  74. 

Cypris  virens,  C.  L.  Herrick,  Alabama  Crustacea,  p. 

24;  pi.  VI,  fig.  3. 

This  species  is  abundant  in  our  shallow,  grassy  ponds. 

Sp.  22.  Cypris  sp  (?) 

[Plate  II;  Figs.  11-13.] 

Although  agreeing  in  many  particulars  with  C.  virens,  Jurine, 
this  species  differs  from  it  in  the  following  respects : 

1.  The  caudad  half  of  each  valve  is  marked  with  a series  of 
concentric  lines  which  in  appearance  resemble  a nest  of  test  tubes  that 
has  been  bent  into  the  shape  of  a retort. 

2.  The  ventrad  border  of  each  valve  is  fringed  with  a row  of 
tubercles.  Each  tubercle  terminates  m a hair.  (Some  specimens 
of  C.  virens  are  said  to  possess  this  feature.) 

3.  The  caudad  margin  of  the  post  abdomen  is  smooth. 

During  the  summer  this  species  was  very  abundant  in  several  of 

our  shallow,  weedy  pools.  Among  dozens  examined  no  females  were 
encountered.  It  will  be  noted  that  its  habitat  is  the  same  as  that  of 
C.  virens.  It  is  possible  that  it  is  the  male  of  that  species. 

Sp.  23.  Cypris  herricki,  sp.  n. 

[Plate  II;  Figs,  i-io.] 

In  a lateral  view,  the  shell  is  sub-triangular,  highest  near  the 
middle.  The  ventral  margin  is  straight,  excepting  at  its  cephalad 
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extremity,  where,  after  a shallow  concave  notch,  the  margin  is  convex. 
The  remainder  or  the  margin  is  strongly  convex.  From  the  above 
described  ventral  notch,  a well  defined,  feebly  convex,  line  passes 
dorsad  to  the  opposite  margin.  That  portion  of  the  shell  which  lies 
cephalad  of  this  line  is  usually  curved  laterad.  From  within  the 
cephalad  and  caudad  extremities  of  the  valves  numerous  hairs  pro- 
trude. 

In  a dorsal  view,  the  shell  is  sub-fusiform,  being  widest  caudad 
of  the  middle.  At  their  caudad  extremity  the  valves  are  slightly 
divaricated,  while  at  their  cephalad  extremity  they  are  closely  approx- 
imated. The  shell  is  covered  with  fine  reticulations  and  minute  hairs. 
In  addition  to  these,  it  is  marked  with  conspicuous  dark  green  bands. 
These  bands  are  arranged  as  follows  : One,  parallel  to  and  almost  ad- 
jacent tothemesal  border  of  the  shell,  extends  from  the  caudo-ventrad 
angle  of  the  shell  dorso-cephalad  almost  to  the  cephalad  extremity  of 
the  valve.  There  it  divides.  One  portion  continues  in  the  same 
course  to  the  cephalo-ventrad  extremity  of  the  valve.  The  other,  turn- 
ing laterad,  passes  ventrad  for  a short  distance  and  terminates  in  a 
sharp  point.  At  the  origin  of  this  line  there  is  a large,  convex  blotch, 
which  extends  ventrad  a short  distance.  Near  the  centre  of  the  figure 
several  bands  fuse  in  such  a manner  as  to  form  a hollow,  sub-square 
figure.  From  the  cephalo-dorsad  corner  of  the  square  a tongue  passes 
ventro-caudad  into  the  square.  The  length  of  this  tongue  and  the 
angles  it  makes  with  the  sides  of  the  square  vary  slightly  in  different 
individuals.  Usually  it  extends  almost  to  the  centre.  From  this  same 
angle  of  the  shell  a band  projects  ectad.  After  passing  cephalad  a 
short  distance,  this  band  forms  a convex  curve  and  passes  caudo-dors- 
ad  almost  to  the  margin  of  the  shell.  From  the  caudo-dorsad  angle 
of  the  square  a short  band  passes  dorso-caudad  and  fuses  with  a 
broader  band  which  passes  caudad,  approximately  parallel  to  the  dor- 
sal margin  of  the  shell.  From  this  same  corner  another  band  passes 
caudo  ventrad  almost  to  the  caudad  margin  of  the  shell.  This  band 
is  approximately  parallel  to  the  band  just  described.  From  the  caudo- 
ventrad  angle  of  the  square  a band  passes  caudo-ventrad  almost  to  the 
caudo-ventrad  extremity  of  the  shell.  In  the  caudad  portion  of  its 
course  this  band  curves  dorsad,  otherwise  it  is  approximately  parallel 
to  the  band  last  described.  From  the  cephalo-ventrad  angle  of  the 
square,  a short  band  projects  ventrad  and  then  broadening,  forms  a 
boot-shape  band.  The  short  heel  of  this  boot  projects  caudad  and 
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terminates  in  a point,  the  long  toe  extends  cephalad  and  terminates 
bluntly.  From  the  same  corner  of  the  square,  a second  band  projects 
cephalad  to  about  the  level  of  the  toe  of  the  boot.  There  it  fuses 
with  a spike-shape  band  which  extends  cephalo-ventrad  from  near  the 
cephalo-dorsad  angle  of  the  square  to  about  the  cephalo-ventrad  ex- 
tremity of  the  shell.  The  head  of  the  spike  is  at  the  caudo-dorsad 
extremity  of  the  band.  The  two  bands  fuse  near  the  head. 

The  number  of  lucid  spots  is  about  eight.  They  are  situated  in 
the  centre  of  the  valve  and  ordinarily  are  enclosed  within  the  square 
above  described. 

The  sketches  of  the  appendages  are  self-explanatory.  However, 
I will  call  attention  to  two  points ; 

1.  The  brush  upon  the  second  pair  of  antennae  does  not  extend 
quite  to  the  distal  extremity  of  the  terminal  claws  of  the  same. 

2.  At  the  base  of  the  distal  joint  of  the  second  foot  we  find  two 
claws.  The  caudad  claw  is  much  the  larger  and  is  bordered  with  a 
row  of  small  teeth. 

Length  of  shell  about  3 millimetres ; height  about  i millimetres. 
Excepting  C.  perelegans^  Herrick,  this  is  believed  to  be  the  largest 
member  of  this  genus  yet  discovered  Its  large  size  renders  it  an  ex- 
cellent subject  for  class  work. 

So  far  this  species  has  been  encountered  in  but  one  locality.  In 
the  shallow  weedy  tongue  of  one  of  our  canal  basins  it  is  quite  abun- 
dant. 

XL  Genus  Cypridopsis,  Brady. 

Sp.  24.  Cyprodopsis  vidua,  Mueller. 

Cypridopsis  vidua,  '=•  G.  S.  Brady,  Recent  British  Ostra- 

coda,  p.  375.  pi.  XXIV,  fig.  27-36,  46. 

Cypridopsis  vidua,  * Brady  and  Norman,  Ostracoda  of 

the  North  Atlantic  and  Northwestern  Europe,  part  I,  p.  89. 

Cypridopsis  vidua,  •='  C.  L.  Herrick,  Alabama  Crustacea, 

p.  31;  pi.  IV,  fig.  I. 

This  species  is  common  in  all  our  pools.  Variety  Obesa  is  occa- 
sionally seen. 
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EXPLANATION  OF  PLATES. 

PLATE  I. 

Brachionus  bakeri.  [Variety)  Lorica,  ventral  view. 

do  do  Cephalo-dorsad  margin  of  the  lorica,  one  va- 

Brachionus  bakefi.  Dorsal  view. 

Asplanchna  cincinnatiensis.  The  left  focculent  ribbon  is  not 

Brachionus  tuberculus.  Lorica,  ventral  view. 

Anuraea  cochlearis. 

Metopidia  elliptica.  Ventral  view. 

Metopidia  dentata.  Lorica,  with  foot.  Ventral  view. 

Mono  sty  la  quadridentata. 

Monostyla  truncata. 

Cathypna  leontina.  Ventral  view.  Lorica,  with  toes,  trophi, 
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Fig,  I. 

Cypris  Herricki. 

sp.  n.. 

lateral  view. 

Fig.  2. 

do 

do 

dorsal  view. 

Fig.  3. 

do 

do 

one  of  the  first  pair  of  antennae. 

Fig.  4. 

do 

do 

one  of  the  second  pair  of  antennae. 

5- 

do 

do 

mandible. 

Fig.  6. 

do 

do 

first  maxilla. 

Fig.  7. 

do 

do 

second  maxilla. 

Fig.  8. 

do 

do 

first  foot. 

Fig  9. 

do 

do 

second  foot. 

Fig.  10. 

do 

do 

post  abdomen. 

Fig.  II. 

Cypris  sp.  {?) 

lateral  view. 

Fig.  12. 

do 

mandible. 

Fig^  13. 

do 

feet. 
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THE  CEREBRUM  AND  OLFACTORIES  OF  THE  OPOSSUM, 
DIDELPHYS  VIRGINICA. 

By  C.  L.  Herrick. 

With  Plates  A.  B.  and  C. 

Material  had  been  collected  over  a year  ago  for  a study  of  the 
brain  of  the  opossum,  but,  for  various  reasons,  the  completion  of  the 
paper  was  delayed  until  it  now  seems  best  to  offer  such  notes  as  were 
collected  upon  the  cerebrum  in  their  necessarily  incomplete  form. 
This  has  seemed  the  more  desirable  in  as  much  as  this  paper  forms  a 
portion  of  a series  especially  devoted  to  the  histology  of  the  gray  mat- 
ter and  commissures  of  the  cerebrum  in  the  several  groups  of  verte- 
brates and  because  it  in  a sense  prepares  the  way  for  the  delayed 
portion  of  the  rodent  paper  begun  in  volume  V of  this  bulletin. 

External  Form. 

In  most  particulars  the  brain  of  the  opossum  resembles  that  of 
rodents,  although  the  relative  size  of  the  cerebrum  is  less  than  in  any 
rodent  .tyP^-  ^ larger  part  of  quadrigemina  is  exposed  and  the  pro- 
portions of  the  infra-rhinalis  to  the  supra-rhinalis  portion  of  the  cere- 
brum is  less.  In  one  respect  only  does  the  opossum  brain  approach 
that  of  carnivora,  i.  e.  in  the  possession  of  an  apparent  homologue  of 
the  crucial  sulcus.  But  there  is  good  reason  to  doubt  the  reliability  of 
this  homology 

The  olfactories  are  relatively  very  large  and  are  obliquely  attached 
to  the  crura.  They  contain,  as  shown  beyond,  a considerable  mass 
of  cortex  upon  the  pes.  Longitudinal  sections  show  a strong  medio- 
ventral  fossa  filled  by  a thickening  of  the  pero,  especially  the  glomer- 
ular layer.  The  cavity  or  rhinoccel  is  very  large  and  connected  with 
the  lateral  ventricle  by  an  oval  curved  aqueductus  cruris.  The  crura 
are  large  and  exhibit  a distinct  radix  lateralis. 

The  cerebrum  is  pyriform  with  the  caudal  portions  of  the  hemis- 
pheres divaricated.  The  hemispheres  may  each  be  divided  both  mor- 
phologically and  histologically  into  a dorsal  and  ventral  portion  sepa- 
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rated  laterad  by  the  rhinalis  fissure  and  mesad  by  the  splenialis.  The 
portion  dorsad  of  these  almost  continuous  fissures  may  be  regarded  as 
the  dorsal  lamina  or  mantle  par  excellence,  while  that  part  beneath 
contains  the  ventral  lamina  and  alae.  A large  part  of  the  ventral  por- 
tion is  devoid  of  cortex  in  the  usual  sense.  The  dorsal  surface  is 
divided  into  a small  frontal  lobe,  which  is  circumscribed  very  deeply 
from  the  rest,  and  a large  ovate  parieto-occipital  portion,  which  is  not 
subdivided. 

The  ventral  portion  is  likewise  divided  into  an  anterior  post-rhinal 
lobe  occupying  the  region  in  front  of  the  chiasm  and  fusing  with  the 
crus  cephalad,  and  the  large  pyriform  lobe  with  its  modified  cortex. 
The  latter  is  expanded  by  the  ventral  part  of  the  hippocampus  into 
which  it  passes  caudo-ventrad. 

The  sylvian  fissure  is  not  pronounced  and  does  not  extend  across 
the  rhinalis  fissure.  A slight  longitudinal  depression  extends  longitu- 
dinally of  the  pyriform.  This  marks  the  course  of  the  olfactory  fibres 
and  limits  the  non-cortical  from  the  cortical  portion.  All  of  the  region 
ventrad  is  devoid  of  a genuine  cortex.  Dorsad  of  it,  the  surface  is 
occupied  by  olfactory  fibres  as  far  as  to  the  rhinalis  fissure.  The 
mesad  surface  is  separated  by  the  splenialis  or  calloso-marginal  fissure 
into  a dorsal  and  ventral  portion,  but  this  fissure  is  relatively  farther 
dorsad  than  the  rhinalis  by  reason  of  the  interpenetration  of  the  thala- 
mus. Cephalad,  the  rhinalis  and  splenialis  unite  and  cut  off  the  pro- 
jecting frontal  lobe  from  the  crus  beneath. 

There  is  a slight  fissure  where  one  might  look  for  the  callosal,  but 
in  the  absence  of  that  commissure  it  is  but  the  union  of  the  cortex  of 
the  gyrus  fornicatus  with  the  base.  All  beneath  this  fissure  is  devoid 
of  true  cortex  and  is  continued  caudad  into  the  septum  and  corpus 
fornicis.  (See  Figs.  3 and  4,  Plate  A.)  The  splenialis  grows  deeper 
as  it  passes  caudad,  following  the  arch  of  the  hemisphere  until  it  lies 
in  a dorso-ventral  line.  By  comparing  the  longitudinal  sections  of 
Plate  B with  the  transverse  series  of  Plate  A,  the  course  of  the  fissure 
and  the  structure  of  the  hippocampus  will  be  perfectly  obvious.  The 
commissures  are  discussed  beyond. 

The  thalamus  is  about  as  in  rodents. 

Minute  Anatomy. 

Rhinenceplialon.  The  olfactory  lobe,  as  a whole,  is  of  relatively 
very  large  size,  being  expanded  in  all  directions  beyond  the  crus  and 
especially  produced  cephalo-dorsad.  No  part  of  the  dorsal  part  of  the 
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pero  or  cap  of  the  tuber  is  covered  by  the  cerebrum.  The  lobe  is 
much  larger,  for  example,  than  the  precrucial  lobe  of  the  hemisphere. 
As  seen  from  above,  the  outline  is  ovoid  with  the  larger  end  caudad 
and  the  longer  axis  passing  obliquely  caudo-ventrad.  The  ventral  as- 
pect is  acutely  ovate  or  subtriangular  with  the  apex  mesi-caudad.  In 
its  natural  position,  the  infero-cephalic  surface  is  curved  and  the 
greater  portion  is  covered  by  the  fibres  of  origin  of  the  olfactory  nerve. 

The  pero  (as  this  term  is  used  by  Wilder)  consists  of  a cap  or  bus- 
kin-like body  which  entirely  clothes  the  lobe.  Its  substance  extends 
nearly  to  the  ventricle,  which  latter  is,  however,  clothed  with  a larger 
or  smaller  mass  of  white  matter  with  a gray  envelope  differing  totally 
from  that  which  pertains  to  the  pero  proper.  Passing  entad,  we  en- 
counter successively  the  following  layers,  i.  The  fibre  layer,  which 
consists  of  apparently  irregularly  disposed  fibre  clusters  intercrossing 
confusedly.  Among  the  fibres  are  numerous  blood-vessels  and  the 
usual  inoblasts  and  leucocytes  accompany  the  fibres.  2.  The  glom- 
erulary  layer  is  of  the  usual  structure ; fibres  from  the  cells  next  to  be 
described  pass  into  the  dense  ball  of  neuroglia  and  emerged  clothed 
with  their  myelin  as  distinctive  olfactory  fibres.  It  is  suggested  that 
the  glomerule  is  simply  a locus  devoted  to  the  manufacture  of  the 
myelin  sheaths  of  the  nerves.  In  this  case  the  only  active  agents  in 
the  process  must  be  the  large  number  of  wandering  cells  or  Deiter’s 
corpuscles  which  congregate  about  the  glomerules  in  large  numbers. 
If  the  Deiter’s  cells  have  this  function  here  it  would  be  easy  to  pred- 
icate a similar  function  of  the  same  cells  elsewhere.  There  are  many 
reasons  for  such  an  assumption  in  other  parts  of  the  brain.  The  pres- 
ence of  exactly  similar  cells  in  the  tracts  of  medullated  fascicles  else- 
where is  suggestive.  (See  also  Flechsig’s’  works  on  the  development 
of  the  sheaths.)  The  same  explanation  may  be  given  for  the  exactly 
similar  cells  in  the  laminated  granular  layer.  3.  The  external  neu- 
roglia layer  is  in  this  case  not  distinct  from  the  layer  next  entad,  as 
the  ganglionic  layer  is  dispersed  throughout  them  both.  In  this  re- 
spect the  opossum  differs  from  any  other  mammal  examined.  The 
ganglion  cells  are  perhaps  most  abundant  near  the  external  boundary 
of  the  laminated  granular  layer,  but  are  irregularly  distributed  to  the 
very  base  of  the  glomerulary  layer.  The  ganglion  cells  are  of  pyra- 
midal form  and  large  size  with  a (generally  single)  strong  apex  process 
which  can  be  traced  as  a large  non-medullated  fibre  to  the  glomerulary 
layer.  From  the  base  several  processes  extend  latero-entad  or  laterad 
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and  after  penetrating  the  layers  of  the  granular  zone  their  fibres  con- 
tinue toward  the  crus.  It  has  not  proven  possible  to  determine 
whether  the  fibres  anastamose  and  form  a reticulum  or  whether  there 
is  one  main  branch  and  lateral  nutrient  roots  as  claimed  in  other 
cases.  Our  own  impression  is  that  there  is  considerable  lateral  anas- 
tamosis  in  the  neuroglia  layers  and  that  fibres  after  passing  into  the 
granular  layer  soon  again  acquire  medullary  sheaths.  If,  as  we  be- 
lieve, the  ganglion  cells  are  to  be  compared  with  the  cells  of  the  spinal 
ganglia,  it  would  appear  that  this  locus  is  a point  where  nourishment 
is  received  and  hence  the  myelin  sheaths  must  be  interrupted.  This 
space  devoid  of  medullary  sheaths  is  richly  supplied  with  the  Deiter’s 
cells  which  convey  the  nourishment  and  also  affords  the  opportunity 
for  intercommunication.  The  ganglion  cells  are  comparatively  large 
and  bear  a close  resemblance  to  those  of  fishes,  for  example.  The 
nuclei  seem  to  be  normally  ovoid ; but  the  cells  frequently  shrink  dur- 
ing preparation  and  this  shrinkage  especially  affects  the  nucleus. 

4.  The  granular  layer  is  well  developed  and  laminated,  each 
lamina  being  separated  by  tracts  accumulated  from  the  entad  processes 
of  the  ganglionic  cells.  The  fibres  near  the  tip  seem  to  pass  almost 
directly  through  this  layer  to  accumulate  at  the  ventricular  surface 
where  they  have  been  considered  as  forming  a part  of  the  pes  though 
actually  belonging  to  the  pero.  Farther  caudad  the  course  of  the 
fibres  is  oblique.  Two  different  types  of  corpuscles  may  be  distin- 
guished in  these  granular  laminae,  one  being  globular  and  rather  larger 
than  the  ovoid  and  darker  bodies  which  we  have  supposed  might  be 
those  connected  with  the  function  of  formation  of  sheaths  for  these 
fibres,  while  the  former  would  retain  the  more  purely  nutritive  func- 
tion. 

The  pes.  Cephalad  the  ventricular  epithelium  alone  represents  the 
core  of  the  lobus  olfactorius.  The  epithelium  resembles  that  of  other 
parts  of  the  ventricular  system.  A few  connective  fibres  extend  into 
the  granular  layer  and  bear  the  usual  dark  inoblastic  nuclei.  Near 
the  point  where  the  lobe  joints  its  crus  the  pes  develops  a different 
ental  structure.  Here  there  is  an  invasion  of  cortex  from  the  cere- 
brum. These  cells  exhibit  no  orderly  arrangement  cephalad,  but  are 
irregularly  disposed  and  are  pyramidal  and  deeply  staining.  The  area 
is  triangular,  being  bounded  caudad  by  the  peculiar  structure  of  the 
post-rhinal  lobe,  from  which  it  is  separated  by  a distinct  fibre  tract. 
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The  greater  part  of  this  cortex  pertains  to  the  crus  and  may  be  there 
considered. 

Crus  olfactorius.  The  crus  terminates  in  the  pes  obliquely,  the 
lateral  and  dorsal  portions  being  longest.  Ventrally  it  is  chiefly  made 
up  of  the  radices  of  tracts  .from  the  pero.  There  are  three  such  fibre- 
bundles  ; the  largest,  or  radix  pedis  lateralis,  is  an  exceedingly  strong 
band,  as  in  rodents.  Its  development  stands  in  direct  proportion  to 
that  of  the  olfactory  lobe  and  this,  in  turn,  with  that  of  the  hippo- 
campus. The  fibres  collect  in  the  granular  layer  of  the  pero  and  then 
about  the  ventricle,  accumulating  chiefly  mesad  and  ventrad.  On 
entering  the  pes  they  encounter  the  invading  cortex  cruris  and  are 
driven  ectad,  thence  laterad  superficially  to  the  cortex  cruris,  where 
they  form  a strong  bundle  passing  caudad  and  somewhat  laterad  along 
the  fissura  radicis  to  the  lobus  pyriformis,  thence  for  the  most  part  to 
cross  mesad  and  entad  into  the  hippocampus,  especially  the  fornicate 
gyrus.  The  tract  of  the  fibres  caudad  is  not  compact  but  they  spread 
out  to  some  extent  upon  the  pyriform.  The  fibres  of  this  ectal  olfac- 
tory tract  are  in  part  overlapped  by  fibres  of  a different  character. 

The  radix  pedis  mesalis,  on  the  other  hand,  is  very  small  and  dis- 
perse. Its  fibres,  which  arise  on  the  ventral  and  mesal,  as  well  as 
especially  in  the  meso-dorsal  part  of  the  crus,  pass  in  the  neuroglia 
layer  and  remain  ectad  to  the  cell  zone  until  reaching  the  neighbor- 
hood of  the  splenialis  fissure,  where  they  cross  to  the  gyrus  fornicatus. 
The  bundles  do  not  unite  to  form  a single  tract  but  remain  largely  iso- 
lated from  each  other. 

There  is  no  external  indication  of  a radix  pedis  intermedius,  but 
we  encounter  a few  bundles  which  apparently  arise  from  the  ventral 
part  of  the  crus  and  passing  caudad  through  the  substance  of  the  lobus 
post-rhinalis  emerge  mesad  and  ectad  to  unite  with  the  bundles  of  the 
radix  mesalis  on  their  way  to  the  gyrus  fornicatus.  The  fibres  enter 
the  peduncular  tracts  in  their  dorsad  course  and  pass  through  them. 
As  indicated  above,  the  dorsal,  lateral  and  mesal  aspects  of  the  crus 
are  covered  by  cortical  masses. 

Thus  far  we  have  been  dealing  with  tracts  which  undoubtedly 
pertain  to  the  olfactory  pero  or  ganglion  proper.  Greater  difficulty 
arises  in  construing  the  so  called  ental  olfactory  tract  (radix  mesalis  of 
fishes.)  Following  suggestions  arising  from  these  studies,  Mr.  C. 
Judson  Herrick  has  investigated  the  relations  of  the  cortex  cruris  to 
the  pero,  in  rodents.  He  arrives  at  the  conclusion  (BuL  Denison 
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Univ.,  VoL  VI,)  that  there  is  no  direct  connection  between  the  tractus 
praecommissuralis  cruris,  or  internal  olfactory  tract,  and  the  olfactory 
substance.  On  the  other  hand,  the  fibres  of  the  tract  seem  to  be 
largely  derived  from  the  cortex  cruris  and  its  forward  extension  into 
the  pes.  Of  this  relation  we  have  been  long  convinced  in  the  opos- 
sum, as  well  as  lower  vertebrates,  though  it  would  be  premature  to 
decide  that  there  is  no  secondary  connection  with  the  pero.  A few 
general  considerations  might  be  advan  ced  to  indicate  the  bearing  of 
the  conclusion  suggested. 

1.  The  olfactory,  as  a sensory  nerve,  should  be  derived  from 
the  dorsal  part  of  the  primitive  medullary  tube  or  embryonic  vesicle. 
According  to  the  above  suggestions,  such  an  origin  is  the  only  one. 
The  three  superficial  radices  ultimately  reach  the  gyrus  fornicatus. 
Now,  if  the  callosum  be  considered  the  partial  homologue  of  the 
dorsal  commissure  of  the  cord,  of  which  there  can  be  little  doubt,  the 
cephalic  part  of  the  hippocampus,  i.  e.  gyrus  fornicatus,  is  the  homo- 
logue of  the  most  dorsi-mesal  part  of  the  vesicle.  The  commissura 
fornicis  is  also  a portion  of  the  dorsal  commissural  system  and  the 
connected  parts  of  the  hippocampus  are  morphologically  part  of  dor- 
si-meson.  The  enormous  development  of  the  parietal  part  of  the  first 
embryonic  vesicle  which  serves  to  bring  much  of  the  ventral  surface 
dorsad,  especially  cephalad,  causes  a revolution  correlated  with  the 
flextures  which  obscure  the  primitive  simplicity,  but  in  the  rodents 
and  marsupials,  it  is  nevertheless  sufficiently  obvious. 

2.  The  olfactory,  as  a sensory  nerve,  should  have  a trophic 
ganglion.  This  might  lie  upon  the  nerve  itself,  occupying  a distinct 
fossa  in  the  skull,  like  the  Gasserian ; it  might  be  carried  peripherad 
and  become  associated  with  the  end  organ,  as  in  the  auditory ; or  it 
might  fuse  with  the  brain  itself  to  form  an  apparently  organic  unity. 
To  us  tlie  latter  seems  the  actual  state  of  the  case.  If  the  tracts  are 
really  superficial,  lying,  for  the  most  part,  ectad  to  the  neuroglia  layer 
and,  in  spite  of  subdividing  into  several  bundles,  reach  the  same  part 
of  the  brain;  and  if  the  so-called  deep  olfactory  tract  or  olfactory 
bundle  of  the  praecommissura  springs,  like  other  fascicles  of  that 
commissure,  from  cortex  cells,  there*  seems  to  be  no  reason  for  doubt- 
ing (what  is  a priori  so  probable)  that  the  adhesion  of  the  pero  to  the 
pes  is  a comparatively  subordinate  character.  In  this  case,  while 
there  may  be  more  or  less  fusion  and  interblending  of  the  two,  there 
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is  not  a morphological  but  simply  a mechanical  connection  between 
them. 

3.  The  ganglion  of  the  olfactory,  if  the  latter  be  a true  sensory 
nerve,  should  have  chiefly  trophic  functions.  There  are  several  hints 
that  the  olfactory  nerve  is  trophic.  The  fact  that  the  fibres  of  the  fifth 
or  seventh  nerve  may  upon  occasion  supply  the  place  of  the  olfactory, 
if  authenticated,  might  be  significant  in  this  connection. 

4.  The  structure  of  the  pero,  with  its  large  cells,  might  also  be 
interpreted  in  this  way.  The  fact  that  the  fibres  lose  their  sheaths  in 
their  passage  through  the  pero,  but  acquire  them  at  either  exit  seems 
favorable  to  this  view. 

5.  The  facts  of  comparative  anatomy  seem  to  us  to  admit  of  this 
interpretation.  Of  course  a more  careful  and  extensive  comparison 
of  data  especially  from  embryology  is  necessary  before  the  view  thus 
tentatively  suggested  could  be  seriously  advocated. 

[It  may  be  added  that  a somewhat  extended  study  of  the  olfactory 
radices  in  lower  vertebrates  seems  to  confirm  the  above  suggestions. 
In  several  papers  in  the  Journal  of  Comparative  Neurology,  for  1891, 
the  writer  has  shown  the  essential  distinctness  of  pero  and  pes  and  the 
tracts  related.  It  is  especially  evident  in  fishes  where  a distinct  radix 
lateralis  and  mesalis  relate  the  one  to  the  pero  the  other  to  the  pes,  the 
former  ending  in  the  hippocampus,  the  latter  entering  the  praecommis- 
sura.] 

Callosimi  and  hippocampal  commissure.  It  is  not  necessary  to  re- 
count the  various  opinions  and  discussions  of  the  callosum  in  the  mar- 
supials. Until  Osborn,  most  authors  had  agreed  that  the  callosum  is 
absent  and  functionally  replaced  by  the  anterior  commissure.  Pro- 
fessor Osborn  has  done  much  to  place  this  whole  subject  in  its  proper 
light  and  we  agree  with  him  in  respect  to  the  essential  homologies  of 
the  dorsal  commissural  system.  In  one  group  of  fishes  the  callosum 
is  present,  as  we  have  endeavored  to  prove  in  several  recent  papers, 
and  is  thoroughly  distinct  from  the  anterior  commissure.  The  incom- 
plete development  of  the  cerebrum  and  especially  the  suppression  of 
the  free  cortex  causes  the  callosum  to  appear  greatly  displaced  and  it 
accordingly  lies  far  cephalad  in  contiguity  with  the  lamina  terminalis 
in  front  and  fornix  body  behind.  We  have  too  much  evidence  that 
structures  pertaining  to  the  brain  when  once  acquired  are  not  easily 
lost  to  be  surprised  if  the  callosum  in  some  form  exists  in  all  verte- 
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brates.  In  the  case  of  Didelphys  the  hippocampus  and  related  struc- 
tures are  strongly  not  to  say  predominatingly  developed.  The  motor 
cortex  as  such  is  thrown  well  cephalad  and  the  fornicate  gyrus  is  car- 
ried forward  along  the  mesal  surface,  as  may  be  seen  from  an  inspec- 
tion of  the  transverse  sections  of  Plate  A.  Thus  it  happens  that  the 
caudal  portion  of  the  dorsal  commissure  system  is  much  more  highly 
developed  than  the  cephalic  or  callosal  portion.  The  later  consists  of 
few  fibres  which  spring  from  the  region  about  the  anterior  prolonga- 
tion of  the  splenial  fissure,  if  this  term  may  be  applied  to  the  fissure 
which  bounds  the  cephalad  continuation  of  the  fornicate  gyrus.  The 
separation  of  the  callosum  and  hippocampus  commissure  must  be  as- 
cribed in  great  part  to  the  folding  of  the  hippocampus  and  its  compres- 
sion by  the  contact  of  the  thalamus  which  leaves  but  one  available 
path — that  persued  by  the  fimbriae.  It  may  be  supposed  that  the  ce- 
phalad point  of  fixation  of  the  hippocampus  is  determined  by  the  for- 
nix bundles,  which  necessarily  enter  the  corpus  fornicis  at  a nearly 
constant  point.  That  the  fibres  belonging  to  the  fornix  system  are  dis- 
tinct from  those  of  a commissural  character  was  suggested  by  Stieda 
and  seems  quite  probable  from  our  observations. 

The  anterior  commissure  evidently  is  the  chief  coordinating  com- 
missure of  the  frontal  portion  of  the  cerebrum. 

The  easiest  solution  of  the  problem  of  the  relations  of  the  cal- 
loso-hippocampal  commissure  with  the  praecommissura  would  be  to 
homologize  the  former  with  the  dorsal,  the  latterwith  the  ventral  com- 
missures of  the  cord.  Yet  the  anterior  commissure  receives  fibres  from 
almost  the  entire  surface  of  the  cerebrum. 

The  Praecommissura.  Of  the  three  divisions  of  the  anterior  com- 
missure which  may  be  recognized,  the  so  called  olfactory  portion  has 
been  sufficiently  discussed  in  connection  with  the  olfactory.  The 
frontal  portion  is  closely  associated  with  it  and  these  two  are  together 
less  than  the  temporal  branch.  The  fibres  of  the  praecommissura  hug 
the  ventricles  and  are  perforated  by  bundles  from  the  peduncles. 

Dorsad  the  commissure  is  bounded  by  the  very  large,  nearly 
quadrangular,  body  of  the  fornix.  Longitudinal  sections  of  the  brain 
at  the  median  fissure  show  that  the  two  hemispheres  are  connected  by 
(i)  a delicate  membranous  tela  which  springs  from  the  cephalo-dorsal 
tuberosity  of  the  thalamus  and  passes  cephalad  to  unite  with  a conspic- 
uous projection  of  tlie  lamina  terminalis  cephalad  of  the  hippocampal 
commissure  and  dorsad  of  the  anterior  commissure.  This  connection 
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is  not  direct  along  the  very  mesal  line,  but  here  the  tela  is  distended 
to  form  a homologue  of  the  dorsal  sac  of  fishes  which  extend  caudad 
to  the  epiphysis  and  is  distinct  from  the  aula  except  along  the  median 
line.  Its  walls  give  rise  to  abundant  plexus.  (2)  The  hippocampal 
commissure  and  fornix  body  form  an  oval  mass  dorsad  of  the  anterior 
commissure  and  are.  attached  to  it.  From  the  lateral  aspects  of  the  for- 
nix body  cephalo-ventrad  the  descending  fornix  tracts  appear.  In  exact- 
ly median  sections  the  fornix  body  is  circumscribed  on  all  sides  except 
ventrad  by  the  ventricle,  while  the  tela  springs  from  a special  promi- 
nence, but  laterad  the  tela  adheres  to  the  fornix  body  and  can  be 
traced  to  the  free  margin  of  the  fascia  dentata  (gyrus  uncinatus).  (3) 
The  anterior  commissure  itself  is  obscurely  composed  of  three  portions 
which  are  medianly  rolled  into  a compact  cylinder.  Each  has  a sheath 
which  can  be  seen  under  favorable  circumstances.  The  dorsal  and 
ventral  parts  are  crescentic  in  section,  while  the  median  portion  is 
oval.  The  dorsal  crescent  overlaps  the  ventral  cephalad.  (4)  The 
lamina  terminalis  is  medianly  very  thin  but  contains  some  gray  mat- 
ter. (5)  The  callosal  fibres  are  too  few  to  be  very  obvious  in  this 
view. 

Dorsal  and  Ventral  regions  of  the  Cerebnm.  We  think  there  are 
good  morphological  and  practical  reasons  for  distinguishing  the  dorsal 
and  ventral  portions  of  the  cerebrum  as  structures  essentially  distinct. 
The  limits  of  the  two  regions  are  easily  drawn  in  the  opossum.  Ce- 
phalad the  olfactory  crus  with  its  cortexjis  very  sharply  distinguished 
from  the  pre-crucial  portion  dorsad  of  it.  (Plate  A,  Fig.  2.)  Here 
the  cortex  of  the  ventral  portion  is  very  largely  covered  by  the  olfac- 
tory fibres.  Laterad,  the  two  regions  are  limited,  as  we  proceed  caud- 
ad, by  the  rhinalis  fissure,  mesad  the  splenial  fissure  is  an  equally  dis- 
tinct boundary.  Cephalad,  these  two  fissures  occupy  nearly  the  same 
horizontal  plane  but  caudad  the  former  passes  ventrad  and  the  latter 
dorsad,  a change  which  may  be  ascribed  to  the  interposition  of  the 
thalamus.  The  ventral  portion  is  distinct  in  cellular  structure  and 
presumably  in  function  from  the  dorsal  region.  In  the  former  two 
prominences  have  their  origin,  the  pyriform  lobe  of  either  side  caudad. 
and  the  post-rhinal  lobe  cephalad.  At  the  mesal  union  of  the  ventral  and 
dorsal  regions  the  hippocampus  has  its  origin  as  a curious  convolution 
at  the  splenial  fissure.  The  hippocampus  has  been  carefully  described 
in  rodents  by  C.  Judson  Herrick  in  Bulletin  Denison  Univ.  Vol. 
VI.  The  relations  are  still  more  simple  in  marsupials  and,  because 
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of  the  absence  of  the  callosum,  they  may  serve  as  a type  for  compari- 
son. Beginning  at  a region  cephalad  of  the  union  of  the  two  hemi- 
spheres (Plate  A,  Fig.  3.)  we  observe  that  the  cortex  at  the  splenial 
fissure  becomes  very  narrow  and  dense  and  the  cells  acquire  much  the 
appearance  of  those  of  the  hippocampus.  The  outer  neuroglia  layer  is 
thickened  and  the  peripheral  fibre  zone  is  collected  in  small  tracts. 
These  tracts,  some  of  the  fibres  of  which  may  represent  the  mesal 
olfactory  tract,  are  thus  described  in  my  notes.  ‘‘A  tract  which 
arises  ventro-mesal  near  the  crus  of  the  olfactory  (exact  locality  inde- 
terminate) passes  caudo-dorsad  within  the  cortex.  The  several  small 
bundles  emerge  into  the  neuroglia  zone  and  before  the  formation  of  a 
deep  splenial  fissure  have  attained  a position  dorsad  to  it.  Thence 
they  pass  caudad  and  are  carried  entad  by  the  deepening  of  the 
fissure  and  are  last  seen  in  the  region  of  the  anterior  commissure  ap- 
parently terminating  in  cells  of  the  uncinate  gyrus.” 

Entad,  a strong  tract  derived  from  the  cells  of  this  region  passes 
meso-ventrad  of  the  tract  mentioned,  is  separated  from  the  corpus  stri- 
atum by  a spur  of  the  ventricle,  and  is  filled  with  thickly  scattered  cells. 
An  oblique  band  of  cells  passes  from  the  ventricle  ventrad  toward  the 
meson  and  seems  a continuation  of  the  irregular  chain  of  cell-clusters 
characteristic  of  the  pseudo-cortex  of  the  ventral  region.  On  the  oth- 
er side  of  the  ventricle  opposite  the  dorsal  end  of  this  cell-series  is  the 
cephalic  branch  of  the  anterior  commissure.  The  limits  of  the  gyrus 
fornicatus  and  uncinatus  are  more  or  less  arbitrarily  determined  in 
mammalia.  Ranney  considers  the  posterior  margin  or  splenium  of 
the  callosum  the  point  where  the  former  passes  into  the  latter.  In  the 
present  case,  however,  there  being  no  such  guide,  we  are  forced  to  de- 
pend upon  morphological  modifications  of  the  organs  themselves. 
The  gyrus  fornicatus  arises  cephalad  by  the  fold  induced  by  the  sple- 
nial fissure  already  described.  It  may  be  traced  cephalad  nearly  to  the 
olfactory.  The  uncinate  gyrus  is  a second  fold  which  appears  as  the 
two  hemispheres  fuse.  (Plate  A,  Fig.  4.)  The  free  dorsal  margin  is 
outwardly  folded  and  at  the  same  time  ‘Taulted”  by  being  slid  some- 
what laterad  as  if  by  the  agency  of  the  thalamus  wedged  between  the 
hemispheres.  The  fornicate  and  uncinate  gyri  are  curved  in  opposite 
senses  and  related  to  each  other  somewhat  as  are  tiles  on  a roof.  In 
speaking  of  the  uncinate  gyrus  as  the  free  portion  of  the  median  cor- 
tex it  must  be  understood  in  a limited  sense,  for  the  mesal  margin 
passes  into  the  plexus  and  tela  and  ultimately  forms  the  connection 
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with  the  roof  of  the  thalamus.  The  splenialis  fissure  grows  deeper 
and  curves  ventrad,  finally  curving  ventro-mesad  (Plate  A,  Fig.  5.). 
Meanwhile,  the  medullary  fibres  of  both  the  fornicate  and  uncinate 
gyrus  accumulate  to  produce  the  cephalad  parts  of  the  fornix.  The 
relations  remain  nearly  the  same  throughout  the  posterior  parts  of  the 
cerebrum  though  the  curvature  of  the  hippocampus  about  the  thalamus 
causes  the  transverse  sections  to  fall  in  other  planes.  The  longitudin- 
al sections  of  Plate  B show  that  the  relations  between  the  two  gyri  are 
maintained  to  the  very  subiculum. 

The  cellular  structure  of  the  hippocampus  bears  out  the  distinc- 
tions already  made.  The  cells  in  both  are  densely  clustered  and  form 
practically  but  a single  series.  The  peripheral  processes  are  from  the 
apices  of  the  elongate  fusiform  or  spuriously  pyramidal  cells.  The 
entad  extremity  is  frequently  almost  equally  prolonged.  The  nuclei 
are  large  and  clear.  The  cells  of  the  fornicate  gyrus  are  nearly  twice 
as  large  as  those  of  the  uncinate  and  the  latter  also  lie  in  a different 
plane,  a fact  due  to  the  faulting  or  rotation  of  the  gyrus  as  a whole. 
The  structure  of  the  hippocampus  and  its  great  complexity  in  other 
mammals  is  due  chiefly  to  the  flexture  and  caudad  thrust  of  the 
callosum. 

For  a very  complete  historical  account  of  the  hippocampus  and 
related  structures  see  the  works  of  Honegger  ^ while  the  most  recent 
work  on  the  histology  is  that  by  Sala.^ 

After  the  painful  attempt  of  Honegger  to  bring  into  harmony  the 
infinitely  diverse  nomenclature  of  this  subject  we  can  but  feel  that  a 
strict  morphological  terminology  best  meets  the  case.  Embryology 
and  comparative  anatomy  leave  no  doubt  that  we  are  dealing  with  two 
folds  of  the  caudo-mesal  cortex  which  are  simply  plicated  and  then 
curved  upon  each  other.  One  margin  of  the  structure  is  connected 
directly  with  the  occipital  cortex,  the  other  with  the  tela  and  proplex- 
us. The  mesal  convolution  is  the  fascia  dentata  or  gyrus  uncinatus 
produced,  the  lateral  convolution  is  the  gyrus  fornicatus.  The  alveus 
is  the  ental  fibre  zone  of  the  gyrus  fornicatus  and  the  fimbria  is  the 
transition  of  the  alveus  into  the  fornix  and  hippocampal  commissure. 

1 J.  Honegger.  Vergleichend-anatomische  Untersuchung  ueber  den  Fornix 

und  die  zu  ihm  in  bezieliung  gebrachten  Gebilde  im  Gehirn  des  Men- 
schen  und  der  Sangetbiere.  Genf.  1890. 

2 L.  Sala.  Zur  feineren  Anatomie  des  grossen  Seepferdefusses.  Zeiischrift 

fue  wissenschaftliche  Zoologie,  LI  I.  I.  1891. 
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That  portion  of  the  cortex  within  the  gyrus  fornicatiis  is  the  stratum 
griseum  circumvoluta  of  authors.  The  ectal  tract  of  this  convolution 
is  the  so-called  lamina  nuclearis.  Meynert,  with  his  usual  morpholo- 
gical insight,  recognized  in  the  fascia  dentata  the  free  margin  of  the 
mesal  portion  of  the  manth.  These  relations  are  especially  well  seen 
in  Plate  XVIL  of  Honegger’s  work.  As  Sala  says,  the  sole  difference 
between  these  gyri  and  other  parts  of  the  mantle  consists  in  the  fact 
that  the  cells  are  crowded  into  a single  narrow  layer.  With  the  state- 
ments of  Sala  respecting  the  histological  relations  we  are  unable  at 
present  to  agree,  ist.  That  author  describes  the  cells  of  the  fascia 
dentata  (gyrus  uncinatus)  as  splenial.  We  think  that,  when  the  cell  body 
is  preserved,  it  differs  from  those  of  the  gyrus  fornicatus  chiefly  in  size, 
but  it  lies  in  a different  plane.  We  are  furthermore  unable  to  discover 
how  the  distinction  between  the  protoplasmic  and  nerve  process  is 
made  out  in  cases  where  they  are  so  similar.  2d.  Sala  states  that  the 
large  cells  of  the  gyrus  fornicatus  are  functionally  connected  with  the 
fibres  of  the  alveus,  while  the  apical  processes  subdivide  interminably 
and  terminate  in  the  processes  of  neuroglia  cells.  The  nervous  pro- 
cesses may  spring  from  either  end  of  the  cells  and  either  pass  directly 
entad  to  the  alveus  or  ectad  to  the  fibre  layer  immediately  adjacent 
and  then  return  to  jthe  alveus.  If  the  evidence  of  our  sections  is  to  be 
trusted,  the  apical  fibres  pass  directly  into  the  ectal  tract  while  the  op- 
posite extremity  of  the  cell  subdivides  dichotomously,  producing  such 
a neuropilem  as  Sala  himself  figures,  with  which  the  alveus  fibres  may 
communicate. 

It  seems  scarcely  to  be  doubted  from  the  course  of  the  radix  lat- 
eralis that  its  fibres  reach  the  surface  of  the  hippocampus  and  connect 
either  directly  or  indirectly  with  the  ectal  layer  of  this  region.  The 
great  mass  of  the  alveus  fibres  are  derived  from  the  ental  aspect  of  the 
fascia  dentata.  Thus,  according  to  our  view,  the  lamina  nuclearis  and 
superficial  bundle  of  the  fascia  dentata  are  parts  of  the  tract  from  the 
radix  lateralis.  Strong  confirmation  of  this  suggestion  is  found  in  the 
much  simpler  relations  in  fishes.  (See  forthcoming  paper  in  Journal 
of  Comparative  Neurology  for  December.) 

The  Cerebral  Cortex. 

The  cortex  of  the  precrucial  lobe  may  be  regarded  as  typically 
motor,  but  even  here  there  are  many  cells  of  the  ectal  series  which 
divide  at  once  into  two  or  more  strong  processes  and  these  in  turn 
again  divide  dicotomously  until  a dense  felting  of  fibres  develops  over 
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the  ectal  layer.  Into  this  felting  pass  the  apical  fibres  of  the  pyramids 
of  the  smaller  size  or  ectal  series.  It  is  not  easy  to  trace  the  ultimate 
course  of  these  fibres,  but  in  some  cases,  at  least,  they  obviously  di- 
vide into  two  and  are  lost  in  the  neuropilem  above  referred  to.  Be- 
neath the  small  pyramids  at  a variable  distance  is  an  ill-defined  layer 
of  larger  pyramids  whose  apical  processes  seem  also  to  pass  into  the 
neuropilem.  Still  entad  of  the  giant  pyramids  are  the  usual  multipolar 
cells  adjacent  to  the  white  mater  or  fibre  zone.  More  or  less  frequent 
in  all  of  these  layers,  but  especially  entad,  are  large  clear  granular 
nuclei  surrounded  by  unstained  spaces  which  may  represent  the  bodies 
of  unstained  cells  of  the  aesthesodic  type.  In  cases  where  the  cell- 
body  is  stained  it  almost  invariably  has  the  apical  process  directed  en- 
tad. The  average  length  of  the  body  of  the  small  pyramids  is  about 
.03  min.,  while  the  giant  pyramids  are  more  than  .04  min.  exclusive 
of  processes. 

The  cortex  of  the  crus,  i.  e.  of  the  lateral  aspects  of  the  cerebrum 
below  the  rhinalis  fissure  is  the  same  as  that  of  the  ventral  part  of  the 
cortex  farther  caudad. 

Longitudinal  perpendicular  sections  exhibit  little  difference  be- 
tween the  cephalic  and  caudal  portions  of  the  dorsal  cortex  although 
the  latter  portion  seems  to  possess  proportionally  more  of  the  second 
type  of  cells. 

In  a section  of  the  parietal  region  the  neuroglia  layer  consists  of  an 
outer  less  densely  stained  layer  and  an  ental  layer  which  latter  is  suffused 
with  stained  matter  evidently  of  an  albumenous  character.  The  in- 
ner layer  may  be  called  the  ectal  neuropilem  zone  because  of  its  be- 
ing filled  with  the  finely  dividing  process  of  layers  within.  The  an- 
astamosis  of  these  fibres,  while  very  probable,  has  not  been  observed. 

The  cellular  elements  in  this  layer  are  inoblasts  of  connective 
fibres  and  Deiter’s  cells.  Beneath  the  neuroglia  is  a band  of  cells 
forming  the  ectal  portion  of  the  cell-bearing  cortex.  The  cells  are 
small  pyramids  in  part  but  a careful  study  shows  that  there  are  many 
cells  of  a somewhat  different  character,  i.  e.  the  peripheral  process  is 
not  simple  but  branches  dichotomously  and  then  subdivides  into  a fine 
fibrilary  felt.  Immediately  above  and  about  this  layer  the  felting  of 
fibres  is  most  dense  and  results  frequently  in  a diffuse  coloration  rend- 
ering observation  difficult.  Beneath  this  layer  there  follow  successive 
layers  of  small  pyramids  with  some  fusiform  cells.  The  fibres  from 
the  apex  in  each  case  is  continued  to  the  ectal  neuropilem  zone  there 
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dividing  to  mingle  with  the  previously  described  fibres.  The  basi-lat- 
eral  processes  (there  are  no  axial  basal  processes  in  the  sense  implied 
by  Meynert)  subdivide  and  form  a diffuse  mesh-work  or  felting  which 
is  nowhere  concentrated  to  form  a definite  zone.  Although  it  cannot 
be  considered  certain,  it  nevertheless  seems  probable  from  the  appear- 
ance of  the  sections  that  these  processes  become  associated  indirectly 
with  the  cells  next  to  be  described. 

The  median  and  deeper  parts  of  the  cortex  are  everywhere,  ex- 
cept in  a few  isolated  motor  nests,  sprinkled  with  cells  of  a very  differ- 
ent appearance.  The  cell-body  scarcely  stains  with  mercuric  hem 
atoxylin  but  the  nucleus  is  brought  out  distinctly  without  being  rend- 
ered opaque.  The  latter  is  large,  often  quite  as  large  as  the  diameter 
of  the  smaller  pyramidal  cells.  The  contents  of  the  nucleus  are  gran- 
ular. The  area  about  the  nucleus  may  b.e  vacuolate  or  the  somewhat 
shrunken  fusiform  or  irregular  cell  body  may  be  sufficiently  stained  to 
be  detected  with  care. 

In  a great  many  cases  it  is  possible  to  trace  the  basilateral  process- 
es of  the  large  pyramids  to  the  immediate  vicinity  of  these  cells  where 
they  seem  to  form  a loose  reticulum. 

The  pyramids  almost  uniformly  have  near  their  bases  one  or  more 
small  dark  nuclei  such  as  we  have  called  Deiter’s  bodies.  The  regions 
of  the  cortex  near  the  white  fibre  zones  are  filled  with  multipolar  cells 
with  several  basal  and  one  peripheral  process  as  the  rule. 

Histology  of  the  ventral  part  of  cefebruni.  Fig.  i,  Plate  B illustrates 
the  appearance  of  a horizontal  section  taken  ventrad  of  the  union  of 
thalamus  and  hemisphere.  Three  distinct  portions  are  presented; 
cephalad  the  large  olfactory  lobe  with  quadrangular  outline  and  large 
ventricle.  The  pero  is  evidently  separated  from  the  pes  by  a gangli- 
onic layer.  The  lobe  obliquely  applied  to  its  crus  so  that  the  median 
surface  extends  much  farther  caudad  than  the  lateral.  The  radix  lat- 
eralis appears  as  a thick  tract  passing  directly  caudad  to  the  pyriform 
lobe.  The  crura  are  long  and  connect  with  the  ventro-median  pro- 
jections which  we  have  called  post-rhinal  (or  ventro-median)  lobe. 
(The  olfactory  region  is  described  in  detail  above. 

The  post-rhinal  lobe  is  largely  covered  superficially  by  olfactory 
fibres.  Entad  to  this  are  irregular  clustres  of  cells  and  dense  aggre- 
gates of  Deiter  corpuscles  in  opaque  patches  of  neuroglia.  The  cells 
are  of  the  type  which  we  have  termed  rhino-morphic,  i.  e.  are  small 
irregular  pyramids.  Fig.  lo,  Plate  A illustrates  such  cells  upon  the 
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confines  of  a cfustre  of  Deiter  cells.  Within  the  cortex  there  are  ir- 
regularly disposed  sensory  cells.  It  will  be  observed  that  the  post- 
rhinal  lobe  lies  in  or  near  the  anterior  perforated  area.  Comparing 
the  mammal  brain  with  that  of  Sauropsida,  it  seems  legitimate  to  con. 
elude  that  these  sharply  localized  clustres  of  corpuscles  correspond  to 
the  proliferating  areas  of  the  axial  lobe  of  the  reptiles  and  birds.  The 
presence  of  great  numbers  of  vessels  is  essential  for  this  purpose.  The 
opaque  color  of  the  region  in  which  the  corpuscles  are  imbeded  may 
be  accounted  for  by  the  supposition  that  albumenous  matter  is  collect- 
ed about  the  proliferating  centres.  May  it  not  be  that  those  cells 
which  are  so  uniformly  associated  with  the  large  end  of  the  pyramid 
cells  of  the  cortex  are  derived  from  this  or  some  similar  source?  In 
this  case,  we  have  a novel  modification  of  phagocytosis  in  the  brain. 

In  the  caudad  portion  of  the  post  rhinal  lobe,  especially  ventrad, 
the  cell  clustres  and  granular  areas  are  especially  numerous.  The 
third  portion  of  the  section  consists  of  the  pyriform  lobe,  which  at  this 
level  is  similar  in  outline  and  size  to  the  olfactory.  The  laterad, 
caudad  and  mesad  are  provided  with  a strong  sub  superficial  zone  of 
cells  to  be  described  more  at  length  beyond  but  there  is  also  a consid- 
erable admixture  ventrad  and  mesad  of  the  rhino-morphic  cell . type. 
In  the  central  part  of  the  pyriform  lobe  are  numerous  clustres  of  Deit- 
er cells  within  clear  spaces  of  the  neuroglia,  reminding  one  of  those 
clustres  or  rosette-groups  of  cells  found  in  similar  regions  of  birds  and 
reptiles. 

The  cortex  of  the  regions  ventrad  of  the  rhinalis  fissure  has  a habitus 
of  its  own.  Immediately  beneath  the  neuroglia  layer  the  cortex  is 
densely  massed  with  only  sparse.pyramidal  cells  scattered  entad  with- 
out the  stratification  encountered  in  the  dorsal  cortex.  The  cells  of 
the  superior  dense  layer  vary  astonishingly  in  form,  some  being  regu- 
lar pyramids  while  the  greater  number  are  multipolar  with  numerous 
processes  which  pass  into  the  neuroglia  zone  and  there  break  up  into 
a fine  reticulum  or  felting  of  fibres  which  cannot  in  these  sections  be 
seen  to  anastomose  or  to  enter  the  superficial  tracts  (radices  of  olfac- 
tory or  otherwise).  The  deeper  cells  are  chiefly  pyramids  and  are  fre- 
quently so  isolated  as  to  appear  beautifully  distinct.  (Fig.  7,  Plate  C.) 
The  apical  process  is  generally  peripheral  and  can  be  traced  into  the 
neuroglia  zone  where  it  can  be  seen  in  many  cases  to  break  up  into 
numerous  fine  branches.  The  cell  body  is  elongate  pyramidal  with 
numerous  lateral  and  basilateral  branches  which  subdivide  and  weave 
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themselves  into  the  reticulum  in  which  they  lie.  In  only  a few  cases 
have  actual  anastomes  been  observed.  The  nuclei  are  large  and  elon- 
gate and  there  is  a marked  tendency  for  small  corpuscles  to  associate 
themselves  about  the  base  between  the  spreading  branches  of  these 
cells. 

In  some  cases,  especially  toward  the  ental  fibre  layer  the  pyra- 
mids are  reversed  and  the  apex  process  passes  centrad.  Near  the  con- 
tact with  the  white  matter  the  cells  are  rather  multipolar  than  pyramid- 
al and  their  chief  process  appears  to  pass  into  these  fibre  tracts.  The 
white  fibre  layers  at  the  surface  in  this  region  seem  to  be  derived  from 
the  radix  lateralis  of  the  olfactory.  Longitudinal  sections  seemed  to 
indicate  that  the  lateral  radix  divides  or  other  fibres  become  associated 
with  it,  at  least  a band  of  obliquely-cut  fibres  may  be  seen  ectad  to 
those  are  passing  directly  caudad.  The  latter  portion  is  thought  to 
pass  obliquely  over  the  median  surface 'to  the  hippocampus  while  the 
ectal  portion  seems  to  spread  out  in  diminishing  quantity  upon  this 
region  The  vast  quantity  of  fibres  overspreading  this  region  (i.  e. 
lateral  and  ventral  part  of  pyriform  lobe)  seems  to  preclude  the  possi- 
bility of  all  having  been  derived  from  the  radix  lateralis.  The  ventral 
regions  of  the  pyriform  exhibit  pyramids  mingled  with  large  multipo- 
lar or  fusiform  cells  with  large  clear  circular  nuclei.  In  some  cases  it 
seemed  probable  that  the  axial  processes  of  the  pyramids  first  described 
suddenly  turn  as  they  reach  the  neuroglia  layer.  In  other  cases  and 
in  the  case  of  the  superficial  multipolar  cells  the  is  no  doubt  that  the 
processes  subdivide  very  minutely.  This  region  of  the  neuroglia  is  so 
filled  with  non-medulated  fibres  as  to  stain  more  deeply  than  other  re- 
gions. We  seem  here  to  have  a neuropilem  in  the  sense  suggested 
by  Koelliker. 

In  the  infra-rhinal  type  of  cortex  strands  of  fibres  may  often  be 
seen  passing  from  the  ectal  nervous  reticulum  between  the  cells  to- 
ward the  central  white  matter.  This  is  especially  apparent  at  the 
caudal  extremity  of  the  pyriform  lobe. 

Cortex  of  Occipital  region.  In  the  lateral  aspect  of  the  occipital 
region  dorsad  of  the  rhinalis  fissure  we  encounter  a commingling  of 
two  distinct  kinds  of  cells.  The  pyramidal  cells  are  present  over  most 
of  the  cortex,  being  most  numerous  peripherally.  They  can  be  recog- 
nized by  the  deeply  stained  elongate  nucleus  and  form  of  the  cell. 
The  second  class  consists  of  cells  of  a fusiform  or  pyriform  (i.  e.  flask) 
shape.  * With  the  selective  stains  used,  haematoxylin  and  Hg  CI2,  the 
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nucleus  alone  stains  in  most  instances  and  this  not  deeply.  A reticu- 
lum within  the  clear  nucleus  is  brought  out,  but,  as  a rule,  no  distinct 
nucleolus.  Where  the  cell  contour  is  visible  it  is  as  described  above. 
Such  cells  are  associated  with  the  deeply  stained  pyramids  in  such  a 
way  as  preclude  the  view  that  the  difference  could  be  due  to  varying 
treatment. 

The  distinction  once  relied  on  by  us,  i.  e.  the  direction  persued 
by  the  apical  process  does  not  seem  constant  here.  The  deeper  cells 
have  the  apical  process  directed  entad  while  the  ectal  series  may  have 
the  reverse  position.  The  dorsal  portion  of  the  occipital  region  is  oc- 
cupied by  these  flask  cells  almost  to  the  exclusion  of  all  others.  In 
longitudinal  section  at  the  poserior  part  of  the  cortex  the  following  ob- 
servations were  made.  There  are  here  few  pyramidal  cells  and  a rel- 
atively large  number  of  pale  cells  which  contain  large  clear  nucleoli 
and  chromatin  (?)  mesh-work.  The  cell  body  is  frequently  so  incon- 
spicuous as  to  make  the  nuclei  appear  like  free  corpuscles.  In  many 
cases  sufficient  care  will  detect  the  cell  outlines  and  in  other  spaces  in 
the  neuroglia  testify  of  their  presence.  The  outline  of  the  cell  is  rare- 
ly as  distinctly  pyramidal  as  in  the  motor  type  through  peripheral  pro- 
cesses in  some  cases  at  least  pass  dorsad.  See  plate  C,  Fig.  6,  which 
is  a drawing  of  a portion  of  the  occipital  region  (IV — 7. ) as  seen  with 
the  one-fifth  inch  objective,  m.  is  one  of  the  pyramids  and  i".  one 
of  the  supposed  sensory  cells.  The  almost  constant  presence  of  Deit- 
er’s  cells  at  the  base  of  the  pyramids  will  be  npticed.  This  region 
may  be  contrasted  wit  a typical  motor  area  as  drawn  in  Fig,  i of  the 
same  plate  or  Fig.  2.  A mixed  afea  some  distance  beneath  the  ectal 
layer  of  cortex  is  drawn  in  Fig.  ii,  Plate  A.  In  this  case  the  sensory 
cells  are  almost  unstained  except  the  nucleus.  (4 — 14.)  In  even  the 
typical  motor  regions  these  pale  cells  are  always  present  though  in  less 
numbers  and  mostly  crowded  to  lower  levels.  Toward  the  posterior 
part  of  the  hemispheres  the  cortex  along  the  middle  of  the  lateral 
aspect  differs  quite  obviously  from  any  other  portions.  The  band  is 
rather  narrow  and  consists  of  small  and  slender  ceils  which  are  in 
many  cases  pure  fusiform  elements,  others  are  flask-cells,  or  rather 
inverted  pyramids,  but  careful  examination  with  one  fifteenth  inch 
objective  (1500  diameters)  shows  that  the  process  directed  proximally 
does  not  form  a single  axis  cylinder,  as  appears  at  first,  but  dissolves 
into  several  small  fibres.  Among  these  cells  are^a  few  with  the  usual 
pyramidal  structure,  | but  more  slender  than  usual.  Near  the  white 
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matter  are  large  cells  which  change  their  direction  to  correspond  with 
the  direction  of  the  tracts.  This  lateral  area  may  have  other  functions 
than  the  dorsal  or  ventral  area,  but  what  the  functions  difference  may 
be  it  is  impossible  to  conjecture. 

The  motor  regions  of  the  cortex  are  illustrated  by  Figs,  i and  2, 
of  Plate  C.  Fig.  i is  a drawing  made  to  a scale  illustrating  a strip  of 
cortex  extending  from  beneath  the  giant  cells  nearly  to  the  upper  cell 
layer.  The  region  is  in  the  fronto-dorsal  cortex  near  the  median 
fissure.  The  two  drawings  are  part  of  the  same  strip  of  cortex,  the 
right  end  of  No.  i being  near  the  dorsal  surface.  The  forms  vary 
considerably,  some  of  the  cells  being  simply  fusiform,  others  inverted 
pyramids  while  there  are  a few  aesthesodic  cells  among  them. 

Fig.  2,  is  a camera  drawing  of  the  cortex  from  the  deep  pyramids 
to  near  the  ectal  layer.  The  apex  processes  extend  beyond  the  cor- 
tex. The  process  of  nutrition  of  the  pyramids  suggested  elsewhere  is 
well  seen  here.  Several  of  the  carrying  corpuscles  are  often  seen  at 
the  base  of  one  pyramid.  Fig.  4,  Plate  (’,  is  a camera  drawing  of  a 
few  of  the  deep  pyramids  or  giant  cells  under  the  one-fifteenth 
objective.  4 

The  general  co?iclusions  growing  out  of  this  investigation  are 
briefly  as  follows : There  is  in  the  opossum  a decided  difference  be- 
tween the  aesthesodic  and  kinesodic  cell  types.  Regions  known  to 
be  sensory  contain  a large  number  of  the  type  with  clear  round 
nuclei.  The  delimitation  of  the  areas  is,  how^ever,  very  incomplete. 
This  agrees  well  with  the  results  of  experiments.  The  two  classes  of 
cells  are  rarely  unmixed  in  any  area.  In  many  cases  at  least  the 
cortex  cells  give  off  processes  which  divide  in  the  so-called  neuroglia 
layer  to  form  either  a neuropilem  or  reticulum.  It  would  seem  that 
a more  or  less  connected  reticulum  of  fibres  directly  supplied  by  the 
cells  is  the  simplest  anatomical  device  which  can  in  any  way' be  asso- 
ciated with  unit  states  of  consciousness. 

Idle  probern  of  nutrition  of  the  specific  nerve  cells  is,  we  believe, 
somewhat  simplified  by  the  suggestion  that  there  are  special  prolifer- 
ating centres  in  the  brain  base  in  which  there  are  produced  numerous 
corpuscles  like  Deiter’s  cells  which  then  migrate  to  the  cortex  and 
convey  nutriment  to  the  cells.  The  small  and  frequently  shrunken 
bodies  at  the  bases  of  pyramidal  cells  are  interpreted  as  such  nutrient 
bodies  from  the  sources  indicated,  one  of  which  is  the  post- rhinal  lobe 
near  the  substantia  perforata  anterior.  With  reference  to  the  fact  that 
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the  cells  regarded  as  kinesodic  generally  have  their  apical  processes 
directed  peripherad  (the  converse  being  the  case  with  the  aesthesodic,) 
it  must  be  said  that  too  much  confidence  should  not  be  placed  in  this 
distinction.  We  now  believe  that  the  direction  of  the  apical  process 
is  to  be  interpreted  as  a function  of  the  direction  from  which  the  cell 
has  migrated.  We  have  shown  in  a series  of  papers  that  there  is 
morphological  and  embryological  evidence  that  the  cortical  cells  are 
not  formed  in  situ  but  have  migrated  from  proliferating  areas  primarily 
found  in  the  axial  lobe.  This  suggestion  has  recently  been  greatly 
emphasized  by  the  discovery  that  the  axial  lobe  of  fishes  contains 
well  marked  areas  of  the  two  kinds  of  cells  sustaining  the  proper  re- 
lations to  the  tracts  to  enable  us  to  identify  them  as  motor  and  sensory 
respectively.  It  is  believed  that  the  motor  areas  of  the  cortex  are 
supplied  by  cells  which  migrate  from  before  backward  and  first  lodge 
in  the  cortex,  whence  many  subsequently  migrate  to  deeper  zones. 
Such  migrating  cells  retain  their  connection  with  the  peripheral  source 
by  means  of  the  long  apical  processes.  Sensory  cells,  having  in  many 
cases  a different  path  of  migration,  naturally  occupy  dilferent  positions. 
In  view  of  the  recent  results  of  Golge’s  method  of  staining,  it  would 
be  premature  to  decide  how  far  these  processes  are  simply  nutritive 
and  how  far  actually  nervous.  It  is  significant,  however,  that  the 
processes  of  nutrition  apparently  go  on  at  the  base  of  the  cell  as  indi- 
cated by  the  nutritive  nuclei  there  collected. 


PLATE  A. 

A series  of  transverse  sections  through  the  cerebrum  of  the  opossum. 

Fig.  I.  Section  through  the  olfactory  lobes. 

Fig,  2.  Section  at  the  junction  of  the  crus  and  post-rhinal  lobe  near  the 
union  of  the  rhinalic  and  splenial  fissures. 

Fig.  3.  Section  through  the  fore  part  of  the  cerebrum. 

Fig.  4,  vSection  through  the  anterior  commissure  and  fornix  body. 

Fig.  3.  Section  at  the  caudal  part  of  the  anterior  commissure,  showing 
the  encroachment  of  the  radix  lateralis  mesad  and  the  dorsal  sac 

Fig.  6.  Section  through  the  praethalamus  and  chiasm 

Fig.  7.  Section  through  the  mesencephalon  at  the  posterior  commissure 
and  hippocampus. 

Fig.  8.  Section  through  the  occipital  portion  of  the  cortex  and  nates. 

Fig,  9.  Section  through  the  cerebellum  and  pons. 
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Fig.  lo.  Portion  of  area  of  the  post-rhinal  lobe  [region  of  Fig. 3a,)  em- 
bracing a portion  of  one  of  the  granular  masses  as  well  as  of  the  rhinomorphic 
cells. 

Fig.  II.  Portion  of  a section  of  the  dorsal  cortex  near  the  meson.  The 
figure  embraces  a region  near  the  surface  and  shows  two  kinds  of  cells.  The 
apex  processes  of  the  motor  pyramids  are  very  long,  extending  to  near  the  upper 
level  of  the  cortex,  while  the  cells  of  the  second  type  have  the  cell  body  almost 
unstained. 

Fig.  12.  Cortex  of  the  mesal  surface  near  its  ventral  limit.;  The  rnesal, 
olfactory  tracts  are  here  breaking  through  the  cortex.  The  position  of  the  cells 
is  disturbed  and  the  apical  processes  dip  out  of  the  section.  The  surface  is  at 
the  right. 

PLATE  B. 

A series  of  eight  horizontal  sections  through  the  entire  brain  beginning 
ventral  and  passing  cephalad  of  the  anterior  commissure. 

Fig.  8.  A horizontal  section  through  the  superior  commissure. 

PLATE  C. 

Fig.  I.  Portion  of  the  cortex  from  the  dorsal  surface  near  the  median  fis- 
sure, extending  as  far  entad  as  the  giant  pyramids.  (Slide  28.)  The  cells  are 
chiefly  motor  pyramids. 

Fig.  2.  Large  pyramids  of  the  parietal  region,  from  a horizontal  section. 
Camera  drawing  with  one  fifth  inch  objective. 

Fig.  3.  Ectad  pyramid  cells  from  praecrucial  lobe  near  the  median  line. 
Camera  drawing  with  one-inch  objective. 

Fig.  4.  A few  pyramid  cells  from  the  dorsal  cortex  drawn  with  one- fif- 
teenth inch  objective  and  camera.  Observe  the  nutrient  cells  at  the  base  in 
each  case. 

Fig.  5.  Typical  sensory  cells  from  near  the  base  of  the  cerebrum. 

Fig.  6.  Portion  of  the  occipital  cortex  showing  the  two  kinds  of  cells. 

Fig.  7.  Portions  of  the  lateral  cortex  ventrad  of  the  rhinalis  fissure  and 
beneath  the  olfactory  ..fibre  zon^^.  ^The  neuropilem  above  lies  just  entad  of  the 
radix  laterals  tract. 

Fig.  8.  Cells  from  the  hippocampus  at  Fig.  5a,  Plate  A,  showing  the  rela- 
tions of  the  processes  of  the  cells  of  the  gyrus  fornicatus  to  the  ectal  tract. 


Erratum.  — Page  86,  line  ii,  for  splenial  read  spheiical. 
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